


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1992 


An examination of the performance of a 
natural truncation point and acceptance rule 
for a curtailed Wald sequential sampling plan 
with Bernoulli parameters 


Lewis, Cameron J. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/23665 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist irae Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


INN | KNOX appointed — and published -- scholarly author. 

“a LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





$ 6 -24 rik ah Be 

Ay iy p ity © ~ : . “rae on 

AR: tara Oa. bt i ous Ny ae iy eee cpr eh ig 

2) OL eae ay wh ote Ve £ ct 

t ’ Os se Wake Siew \ 
. iF 

feeres aoe ag 








M paiod oh plend jas yok tae tore a 


ae Peach lst samara si aay ete et chest 
Si ite he yt ads Ger eo eed 
ig aut as eee pata CS pee fi 
it r i Corey hl ays aie “ se Pardon sees 
ie ee eRe a ciate eee 

























eines 
ee 
Sarria 


ab Aet 
‘aye afr a, 










3 K ere Fal af 
ee ay 2 1 ees a Oeny 
* =*Padar aes 
vif « at Js oe =f iy re oe 
i” i Sa ‘A sp eet ¢ 
OARS ff THE » wate a * i Shea 


















“se rhe) Feta: va .02 















































































































































































































































































































































































































































































































































































































































































































































@ Fle a 
’ 2 3) ap pe bed 1 a oe ae me se ‘2 Ashps i ial rs a § ‘ a 4, ate eee Rae nn 
, A ea ee epild , : of ai Fly “f vat a i oe tad ‘ at ath gh ison b gion Sree 
; . ‘, _ ate ey eae . “a ’ bpm oF MUSE “5 pris ds pure he ROPe 3 ea y: a ake vt oe fs pity 2 get oats atalind aha! Ase 
. : 5c > AUR Bid git abey gal Dia Fay oe AFdak $e ioe 3s na “a, 04 LP Pp yt er yr rer) 
tink ue v . u ohare Pls ett oyot © geri Seilbs a ay ‘m Npth 8 e pt & eae Balt 23 « ° Aesth Paes 
: on ee a it sie ob 6 $e 44 *" + ah oA Bie APC ed ay he tian ane ea it nt fans ag? 
: Mei, Tits yle FS oo ‘ a ek rf + iets i 6a BN Ry « arte pr: 
rio eas Bais ‘e iF ponies ty FE ty Pa ve ate wae f " eager oe 
’ } . 4 
; Pit By easy Yr A ae + Dee Aronticctess Parr re ee tehg Ae Se “ 
» Pa tale 8 Od eH AGO mi Tha 
lol Lite Pie elt wah i g nig? ‘y Cte ‘ ack Ona ff gto tad 10: esta’ whet hol lagi vob yas es Be 
A 4 . Ae on : Ha 5S Pir ba een yeas as a) frotte® cose ine; aa Setot 2, spa meee yt isa UhiAss ioe ae iho MacRae Saar es ot 
” , dp % V oo pr ry. ad “ a Ade bak ay BM gavtets ead fo mas pat ied bale ¥ " ‘ iy’ we A % Wy 
4 oats thee Rd iran! ‘hy i pat oc i el sprig Tea Ry ¢ ee ay fe} Neth ae AL tina 6 6d a vt Sot a hal a ayaa he SA” whys oid ahaa! pt 
‘ i 2S. ¢ ye Le le SPY teams Bal foe bop A he Pe Hat Hiern gts fe tr, tale ue Re . H ORY yan bewage Rete tHe o 
: ot : Mt ‘ . ; a PP: he 1 frank, a bagitp te ibare: Pers ee hee 7 Fa, an 
et alae Sade yas forte? 4 i Arte ome 
is: are ae : yas Re ate Ms PSB eased 6 sp. tbqhto ny Ragone iA toa ay ad ay nyt Poh om areiats es Sips eteitehee ieaciehy! myer gi a whol Aes fa 7s pa ee 
zr NS att Meo eW sages opeate Sol ah eta atop opin See Peasy 
ae = A ait #8 ‘ oa Te ee ands 3 tay oa A pe nots" na 
Y i : wal Pye a Aaa k se baaeea % M4 
‘ Seeds aa © Pi ee sty te ee 7 he A, red 2 nal aut Hy Niorr ig’ Weakest Ae eter dike decenpn : 
aes fee " tips ot § a vo mark i he rs 4 ‘ Af ato t an ar RGWUG 2 GV beoe eh oben ebeial dhe babintion reeks Doe Ore 
. 2 . Z ainete ey ;3 Fe rwtet ag ‘i moheke abet a bag ee epee or vane & Mad sb Mabe Cabat Sie: ae 
i eres sae Yates dage to! gt aga Peet eee Sy » sich a Mae A ae* caddy ae Fars renee mays BAA) fee's tal 
7 P : gh! Ne R) me a aes i ¢ i, y ay 4 ca ee wo wa abs Sadluniceuatees 
cela ace Matas pate " ok wi et Ry Akar» Smt Bebb « + Poked Pp gaz ‘ad wd aia ' ef he : Rs 
ig ; Same lane i Tem ee We ige se mk ‘divsed . . a Bit deh Tithe Pilate fa Dota Aye Pelee eave Ry pois mat ease 2 Ea ategs te rep ies 
- "4 s . » »" jar Pe 
; Te ee : gtiated Med eee. ; ae ei Thane Ay Pr Pee A ey baba es i i: oe By ey rate ane eae pyroayt abel rhs 
. ay ‘ f : ‘ ' way 2 pate # wey! ae’ "nwa ae as ae . JOSEY Kaas sted Blk dbs go Abas Sa Be ae 4 Rees ee, an oe on 
ees? oe ‘ Pit ene ea etlg Ay anda vat Bue who ky at ait ear yr mitengty a e pais atte ke i 
y ‘ $ 2 bs ‘ sf . “ o Sisad even’ : 
: : fae : - ee es Rey ae shale factaats ree core ren aR sh. toa Fate * 
’ can) | : Gar aee: a , A ay we: ears ci Ae st EST a Mot ie a: Ay i. hatches. Ng Malo ae 
2 : Le eae B ad Baty: OH gg tose bo Patho tad rhenada? gat $1 = tah aftgs aay ht rere ; 
’ a oe ' "oo = aa ry ce 7k ays) siraiitlg ra teins 2 Ry pakanach apnaiyte aisigey peck sy Rk bie 4 ref lgceet. sig eas sce Serer 
7 . = 7 ’ ae qhade Sat alelen t. le M fh ie YF 0) , span 
; OE ARE ROM Car) evetts Yt Rp El ihe « righ teapaet ae red Octet eat Soa # aR: rated iste ae picts ins 4 Td Gaetan 
s . : at ot te ts ae Be ade a Foto t hg to bas ‘ 
: ee ee Peay Pant aE RE La se a Se oat a 
‘ uC Faery ‘ Fara 5 7 Pt erry tet mae “r poy: $F Bate)» aye jacegha zi Tb bbe mead lst reise. sf qh oy! AN atwh 
hues ae A Cua aetna rer % cn a Oe ene Se am alee whe Hie ity ih dn, OU i st “Ae ta pea ee Gy. Pn saa are re cate bed ue phy 8 Sha ate fe tee Ns phe 
+ . 5 ’ 5 ' . s as (* . 2 ‘ r (hc e* a aoe siz! . : ea A ‘si 0'8 RE i ee i463 ca ue * 4 Batt Po ae eked, asks sity ru Moen i aa ath wate yay are oe 
: : x Suis " Ry ata ae ieee : Sia oe ire “ens. 8) a: ‘ °F tar abst Sots Velde aq ‘ at 6 wi ar ere ae e at 
: ee woe eee ae Pa 5 ATU Pint etry By slash" pe Terria atte se! ft acho ky reer tieat shyt shpat Soi oe apr ulakes sehat ate soe 
: : ane ; nah oe: Sane vo ave : ’ “3%, pan > gn § teh ato vw agta bed grat MYA Sate ath ‘asl Seay viet Cyora rs galeries stake, “3 a 
r + , & oo . pein pales Abt g pact 
o* wet oe ee . " wee eee tabs 1. 
ae a a eral gar A agguhe ah Meee UTS ERT Wise SC eae “ i ature ean tu ‘pont wert itabiayh tA atingaaiat Pot, <e see ities 
Ce eee Same Nar er 4 ye ts. » « ete 4 A bee k y fhe z, ers ar tas tae mor | adsdedate pom ts, 
samy ge) phone nie A cai vt Le ST Tie = a by . A my Ay a i wai é Signa s Ak Nahata A db ofeF ofl 4. fe Pe e 
. AU te 4 ae wet tN ae D vids Ant 4 pS er 5 wf GAG! rei ¢ hae hh 
, a» 4 ¢ i> vo om say ae, Mea a an : oe Rar Cat * fs1% ¢ ait YEW MS og qu Obs ot! ay ry, Jayne ae ax : L pee eh d aoe re of a P 2, a ae P ahee a6 nod eatyhst Mbedah ‘da’ ae bamieneny ieee : 
: eee ‘ ae . res oe ana ye fe oy , el Rae a) ~ v4 fi vhies a is ang i tae “ ae aM os i fae vi stat ge teria Wow 6 oF 6 Pars = Were seer he aeat ~ shoSe ry a3 Be Sof hem aeke we ry th 
f » acetyl Ss . a 2 ok ae ve : " aah Ave Hy hy au Hee: Tide ts pew ef cats + Stet Pan me a's se Nyit Pade q Pat ae Sort oo rela tee oa Ue hy 48 Fe fe Neca 8 8 (Or ak aan atl Oa aor : a saunas 
a 1? wee whove B ‘ ee Na teh: te a Pr] ROL GH se teh S e tainted es Baie ak Roary, 4 ey = a Nate Podgtehys 
wee : mh ah + oat < nye Vt 3 , Pr ee eka iene 
ce ny rt “4 H Re Fon a. {'; ea wat ei om = Hoi Sy mates Sta Tet vA. shel NS c ane tit Ratan write ot WAG Afmatttch A Hac Ave hetetata tal FA clea eae pee nee 
ie tony ate . « rts im, ba ' rT Gj ‘Ena a TY « 
: Stee me aR ae ap eed ah gles sty a fae ae A iaittns Aree sft . ere 3 cea he Ee, Bia Ze ed Shee gibt! ys Bre) sen wares 
‘ d 34 atin’ of Adee Nt asa ft Agi ays tud «hy {! rhe byt bes (Aslar fe Loge tetas ae ct Sonn k By] uae BeAgl oe AN ne 
a : MeKoreeD a, fon Motes bes rae hy RE * bach Rube pa acu Realy Q% 3 * aw Otte, 
ere ‘ zs cue - ‘ « ve %e® , 
¥ aed Naas + oi iy . ¢@ ery fi "at ah taid,$ As 96 30 Sits Sa? be phate ry tat retla as Mes 
: ith. Tar ptaep Be ie pear Ns 3 Fepela tai ob by Base sa? See set Tetgs fete [cate me z 
F | 5 fate ah aha? oy e2tg Bya sey wie Hsh wba teterieehe ON Pr oy PR | Soivienstate ¥ eee 
, ‘ augers > bee Seb tte 3 Mig ‘at Ma tt Aohgdebrin bang? ay ee" a oe ad al ate See Ba Bias 6 "ans tty ra to oS < arate tye 1 ee 
‘aoe : visi tae pr ones cor ‘ ie Aes ran) a in . aerite tote 8f55 % atice tt Wel en ks is elgeatas Bese oat ‘ * 3 i fone 
- " qs r, WE hun ¢ eer i SS ii a Seok ah, fem ade dye 1 te. wRe wl. hit ve S. dy eee vee Ranier, Pia a a 
' . y “Hite Fob A A =A GH SO Cyngtaraty. Ag cet al guys # pips ras Sears 
U \ id tp ated® = YU ate fo*s % x 400% Psd oe ast et? ther niet wane annie 744 *araby of ie .%\ rtrs 
Be td v a* i. Vnigs neh ox (if “ “Pade arta nM ya aa set Raat iets meses det 1g SNe SoS spd 
_ ey tien Gut 09 ‘t Trae : $ . tip pe Be 8S at 3 ‘. Rpm b fe aTetg x tie" 945 
: a : St A OG of rite! > eserte Sa eanek aed # oe ta tai avers Ni Saket tas 5 Oat; 
i + ; tot got aes erty a " Reon fet re Na irs pee a Pyh Be Pe ST 8 ie og Sete "6? ahe' SUN tata’ ip 
st TG wt Sh po oaks mired are, 4 wh = eet f Pee ‘ ApAs le ie 4 teers ee 8 its 
1 . re “ao a a if % te ice i oases cos ame fat ate” i NS ee 
: a) is 2 BN aren Pe Ths oft SQA AT See aekete a7 
’ iy : OW Pr Cae TO) ie ae ae eM NTH Aah Ben She ee? aes Ayn 9% ye foe? 
wees sade , ehbie fee aye * I a! pics : sates tad Ay ba & ye pa Ss seat ‘ ry oiled goles rm 
; ‘ ‘ see Or at Ok venglee nies Bie save oat ak . PM Mais ae Wee wes ek ate Opal ar ovata dea GE + sakes oe 
fi : = Rope Beast & Aus ‘y t+ Hr ab eri pasiees % ffs: v *t zs - F 728 ‘ * i H # steer anh ot het pert gi po se. “ = Jan oe mires a aos 0 
‘ o we te igs t i ann pbee 1480 . = ‘ a theses 
tpi SEES a. ets neice ” rar . “a “eet ray vavior’, aa s al? Part vei 
es Ak ri D eer Rea hua Lie: Ae *t or 
La Bar eT mor es A) Poe . ’ qt 4 1h peed Ps api 
aes oe Mt « < a A 1 Ret AA EE Bx 
4 aa me « 
. : Re got isik 25 ors oe 
aeigtnait 5 a8 hell fa 
ries a aes ; . . ‘ 't Te <7 
1 t&e La save . 
* ° . te re re! 
3 . ‘ ate i s 6 tthe ns 9 65% oie ay eae tay 
* . , ‘ ve poke 
Sas m weg, +8 os * as Mh eX Rigs nit ie = 
» ‘ any y iwi ' s he hae | sete" s as 4 
. _ : 2 he dis we m A ane A ay, ie } a HS a 4g st 2 gatetan ~ : sae eet Bus "Ana tle Fete’ sect rye ie ang tall 
: i aes Se | 4 an Se | ty # at es cae sea Yas a i i a ies fe by ro Sais nies aie amy wSeey he 
coe er ens Re i Non yin a ue ihn ae eal oF eon a Sa Pie ot at Site agar 
. ; : ear 7 on ' aee yoot . bs ane ~ Ms ree sy, Pate %y *, A and oh “8% 
: : yea Ota aK Pa eae weirs) Sanne Lymer inBny Pa erie ena ale ip lowe tts Urs a rae Ups ' ; : ete Retake rtd aes AiR ia ees 8 S537 2 
a Py = ite se Ms FF 5 1 ae As i: Ree ata 5 ty oe at ba y a 5 Tees : ue Nios ‘ ‘gs oe ee > ba | z 3% 4 4 ‘3, x* 2 . Z 20a ud & as ig . <. ‘ ape eshety btwn aie shery? }"Ga% t 
’ , ; - a ar ten + a a ervevei o 8 wee ie ee these “yen Lae sae. } snare stab 
c . , ‘ a Ty | ayo fk abe oe ride eet en PY Ga eLie | ee re | ' P f hae ‘ a 
y ‘ 1 ame ny Te i = ' PAY a MEY hey ee ey | es Pa at Oe Pee eo fave * en Lt a, if Sat ATS 
‘ F 1 oa ab * na ‘ , . ed ae Ale aL + . a ' SEED ' Ste bey Bait, Aun a 2 
. we : * a * mee ets .¢ , ‘ toe * at E Ray: iri te * 
or’ ea Anan tae tes ee Oe nie ae tree cacti seen e * +, git Bat teat aie eet a2 eh eee 
* ats ‘ “48 ‘ pal 5s leet idee 1 ate 5 ’ Phares ener pe pr 6 . rt Vhat Lon Wrer tee A=\ 3 4 eckette. wetted vin RS ve 5 Serus coe se th de va aed Sh.72h hd “ as" Oe a Hs 
’ ‘ > ia.) in Fieve oer. pe eer ) wo vie te Ruel ow) ce fF. st eta "fa 6 te geet * yrs Biss qe “Genes AS. OF “ens aoe “oe "Srkets bete? Bt Me me esis pas 
ta . a : , rh ; ; x 7 ? ee t : vi a re av Wot 4 Ba erip. eee 24 LP Ieee ot Aone) ein aah af L ae seas aaNe Et 1 
. . . . . ‘ 2 4 wa ae r : a 
se one WS 4 ee oe =~ bed » os bee i. art aa hat 2 ‘ ee ea 2 t kee Py 2 a is "ta one te ' a 78 ets: ye M a 
Rie “fe rai F Ge ' be gt pe eerie eS cae an OF at fee tte H * ban 
‘ -« ; ed ve mH ‘ os » en ee eee! % } 5 as a 
"ae “Del ee . 1 ag oe ‘¢ wee ' 8 ne ty ‘eure % Ste o ui Tt abd 
o ; F ies met fe . * qe +e, 
” ' apy : , ao os “ag Seg nue woo ar " if , ate « ™ wh? tao y ben@ gadtg ea Spe To f A v . oo ‘ 
‘ : ‘ ' ‘ ‘ , ae Shin ‘ . at ol Ll | ‘ gtasq ua « 4 ay a r 2 ee oade t 
: at ‘es ‘ “eyes - . ¢ t ‘ 4 ey aor ee . way ; » & 4! tee ee 
. , . ' . : so4 ela kes ae aed ates rn o4 eine Mat Sin ANS + Re ae 4 a ; “ye tah 
3 , . + 4 ‘ , ret 8 a or Ped bl e ' r Sivas « tet] oe ee rae ; $, 
roa FOr reais ree ie ese ae Seriricney Facer Per t 9» 8 a See arta ; a BES. Sik St ax 
t ’ H Henk fugue . Mierke “a8 CLS ib i Ue ae od tang © tires tetas fate te Mes 
Ott s "'° hoot an 5 , at seggre al ete ore 3 Sately reco tags bf : mse gt ty eyeat - "¢ Pal | et (= ait corer ie 
F r ; cause 7 : (nee ; ae fa See 1 se © . . 1a ve Unk + mt é " 4 my 4 by eidetnely ‘4 ar Hh Sega oR GkT , 
. : a) eile Sika ats ape Pee ges ew a 6 Aue 8 © bBo hte 8 ye) oN Oe #yete tne) ’ re SNe, Be “¥ one id Sate ¢. a o a 
id ‘ ‘ ‘ 4 "4 4 fie ee: ins ’ “ Lad Boyes Ce | imme of ‘ , ey F . vr 2 terry dot t Se if 
. ’ ‘ aaa i eas Par feery 4 4 4 ars ee PTY lee rt Wea suey Hee: ton par ve ve ve dice + = ple et ot Be 
. . ’ . 4 a LT Zs ee: DER et . ‘ : Bae anit : ne “6 Mw tte 1 oN 5 ee gt href, Pad 
aege Roe ena @ “Gaa ‘ See wa) 8 ' a % 1 » @t . UW ree ‘ ‘ a sraty Preis a x Pig : : : oe Me otes P s, pe Byts ” 
: As er ae oee . 3 Poets ts perat, 1“ : *. as "be waa ¢ fer ane s = > st a seen et Nanene 
#88. a he ~ 4 ane Fea bP wee oe ts a ef a as "4 Piet es: Crysseg he ad ot ‘ 
’ ' . . Nite wig hee h was as tse x2 1 2 we UP iad a * ie Coney ela 3 é ed he Fd] rs ude 
arog ' A , ae. aw aoe Pee Pe yee 8 mtooae Pik r 7 aA : phe : ee wa ae .Y an 
as ee a a ee Atak pence Ta ee ea WLR cist Meee ee er eae ee et Rar Sr os ar 
4 7 sea . . . ant , . a) oa x G Gs 5 Se Se Aer #u é 
r? ' tpt , ¢ a a We eke . cm Se @h oy’ > # Be i ‘ 
. s . . vee . « 5 é are a ats alts » *y . cs et ie ae A 
‘ i Laer jteeaenee . ee ‘ ‘ “ oo °° © gf hae oe F aa ; ps F 
ry 4s of <oo94 f Fae * ‘ » afy fe ee qe ee ere e 1, 4 4b ae 4 iS ge $,$ ty 
' Pa ea | oo ’ . "toen 3 = 4 q°? . F ital Se , bee ° ca e oe = ft 4 i 
A af an . F rv) ae seenie Looe L wa ky (oe 3% 8 ¥ . ore dar as yew ry ’ A 
: ; se * yN © aye my 2 4 oe ' ea ™ Ae hea 1 Paes oe? a pi 
1 . , 1 we vw + thos on : ve 5 U ie Op rave < t a aii - a ARO ay ee 
'. ‘ * ae ' ‘*, . , ’ eae 4 vfar Ss ‘ ' ® ts! ip 2 = 
14 Senne Reha ere oias ok er Rees yee ui Pure cue nn incon me aToR hee xe S SP a smonieunts Be s° Oe ea Lee ng 7% 
8 kale + 6 Cemeteries »wl wt wy af Fase by oon D ! hon} an“ grit A 
. ee Ke - : ae inne " oF 8 wd ere aay Chat Ser ‘« PA Bo wares re 
' . wi wy C8 r ‘ . ‘ a De os 6¢ Cid e a 7 red . ‘ ‘3 LUL 
’ ‘ * er ‘ ros tm fe oe 4 ‘ x ral ale oh on gue 
2 ‘ ee ae ane ae . re | ‘4 « Y e 54 ar . mead ethno ae 
> . Py . wns - e . te 42 ee a , ete ‘ yeaa ss : 
. eae ' ae : = 
“a “ aan ne ee ee eee 4 : nae me MR et 
. + 8 Cea . ay u ry 1 . & oy ee Satis, Ei 
of F ae eis 2 4 ous ae a , ' ‘ +. eae a ote Sigh = ot he oy x iy? Ghee Tae} wie Sy 
: ‘ ’ ra 4 aae 2 et ate a Has x ey Uh Leer ee te vat *oe , 
' “a as eas . ’ op aa t CaP Ferree kt os Ps | = pee ai ee  eeezict 
7 * z a = rs os ‘ ow ae 7 ry 4 tan _ nee ined ' sare 4 “Ps, . Pte “ale 
had 2 ’ . tre ' rage 2! e PR * pect suerte a er 
vo : ‘ Sa rh werke are! ‘ot ra Ss. Fee idee is ere nae ARIE PEERS Catt Ong 2h * 
rf an 9 et 7 ne yee 1, fay 8 ‘es : 4 or bE eevee watt ue vagt epider e 
, We F ‘ «4 Per Ae pe Fa ‘ 4 ea tow Cdl il ea a EA ay Nh tin A th 196° Hela SIe= Yn? 
; Hine: a Canpaae . upnunge se ’ tau em ig Hae eee Ute Sead Ss ray) £ SER ee ieind yt EP Oe 
. Cr 4 t* wm 6 ts 4 ' th se ‘ Tees Pm wate eth ss 
6 45 o 4, - ‘ ty baa rt? tgus Of Ta"ERer ese rey y 
es ee me hae of amie Fer ime 5? ene Rona hart Seka i ak | tye ge pe ae 
. ' . fo. * h eaee 1 ‘ a6 whe aos ints ar AF toa » "Sep hel i “eae? he 28, See oy , 
a He aban i H dae Mer oe . at har a sca eal Seer Fatev 22h A a4 Pa say AS $3 Ont shy Peete Mi eal its et 
' ' ' er ) . lire CTL et a hf . hre4 Pat ye wre i deage ghey or acg ers cosa td tay FS MELD C8 Oat hgh, 
‘ a “4 - . aa an : * v4 At eet er ve + Shy e ae hs “a Sai. srnye oF 34 te ake tet as ancy fete Sear 
cht be Sohne he feyon ie uty Sole tedig tates aed fe Pie e il se Te 
Mtg Rte oTKS 4 Se ieghd CAN ER 8 ts ESAS aS ¢ 1? 43 ble Anal ag | 
















: s a3 = pet e® 
+ y Sote--. wae Dy Ms tase 3 ea ate fe | Eh bag pel “eh neers = 
ete, eee wae etsy pehietsaed ae ye PER LON ae 
re atye Patel op aN 3. ie Be it arnks 4 w 823% 95,1 ere 
hie Pe 25 ang yar er ees TMF eR $ ae 
2 Ye #4. ate ot e pri tee “34 fat fet SEAS AE Shae oe 









































ban Ty a tete A tty Mate Ware” 




























































































































ae 
6.458": Orr, Ge rg hys ah igeit er + EF OR GE Bt CK GF ot ORT” ANE 
‘\- Sou yp the gtqrate ae ae Be bi ob ay arene at erate * eta yd epg ee met ee Agee 
eg sree > Serpe Crag arrested 5 Dae sitioegs % Riiglectiteed Ta ma eZ ys € Riiaeseate aime ‘tein tye ite oer 
= > ‘ *, Ld "? % 2 ol 
WO parte oF a he 10 «Ss WCE Chel 1 oe r, a 4 etece ae eters Pal § sab gees eae atl ey 44> BP oleate tt) age 
ay Pyesyre ten i : + ed Eady, pt a" shaget IMEI Meee gt Mel eee eg ze 4 yrs 
o%o oe gets yd ae eae els LT 4 2 SHEP Re Raya bia hy rk he ie is fae foo tod: Pa’ 
ie eee a , Sees one ct ay. + m qaatt eXic 9° nme abe re 2ie ckieorere x ah oes Ech i 
i t y Ps wall ee, %, CP TE EN 
be ee, gee Fe aye Aaa wi asec Sotar ant? dud Chess fame omg thy eft rs 
r4" Re 2 ec dt ba Se 1 ES ae tenet! “— ooh, etre haste ns eee ore os ak Eye jetes wt A kEre 
oH + ery nw 4, setts eeeeee avepures % 4 Oat om pg Henag tyes 4h a City cere tog siti S48 prety’ hots re S 
seers y 2} , a ets Re totg? weet okt wees bie “2 7 i 3 Se iit pe) See 
Be eC ae ae CALs, CaCO ons genase Siler ae hee ISR ra ate oot he wy FB aa 
r wheres tet be angtety 4 Wenssate tr antes Kian Po eon eute ert ee vhuct ue a Mane PWT EY oa er PRE SO 
eet pa 6 bs they & t “te be shears wie oy thea ie etpnett $08, . ut rig hy fey eed Mecctrenee Mu aes pervs ., aes. 
PET a ee a eC ey rT | VO ae Cog Ra A he H ae ae og Wer eS (it ah “Kr “anuiet ans e estate A * ee i Beale ratiediats, (! 
pin eae rie ge ga fae oA rome By ie smi di I , Patek eh abet dyin ic of ~ “, ‘ 
4 a i, Ye Metng SF ow. “Moon? Ci Aa yurn % ‘ tigate 4 i Ce ttre Om Lele * s SANS oy ek, ews 
; 5] ” ° sf rip E eK » he tis ee't E 
A = s s + e@rfete , ge) Wawro ¢ Broter > “ern” = f eee ge stata * bo eg t pat & 1e% 
1 ae » 56 8 sh #8 ge kdls ¢ en take ¢ bee " 4 Ue €, . Feet oe. i - ay 
Saag eto hy ‘a «tye 4 ¢ts € Oa pie oe ve fe rat 
Eta tas fy 4 Ar Pert | pea aie ‘, ane abaie: ie it Te ‘tke bi] 4, ‘peett ir ist a set inka Bae SE IAIB Ahe) You Fematorg Py 
Poa Seen a at algal eg rs { & witty oe ih, rh cylese eee es ao5 aa diy sie este. DP Bag OF Ba ree Me My F 8 Me a 
sé os $ vit ted 2.2 of Ae eel gf re UK ta) “eh ree pet Fe 


By : - oe Ree eS Caper ee pr igt © 
ia gb as ten ne ay = oe Se eoyetrticey, 

0 Gowers suse St Fe *s 
TA greens. qtutetae ts 


Sat, eae 


a Saestt wr A"A 
Aah stl iat Gail La. at 
bd det oe} 


Oe PP: 

ay M4 Wel tt eats, ‘* reged 
f sega tity -9hy id ‘ iY Cron ease 
ah altel atte Ve*at 










4,33 pra Tereeiter ¢ 
5 if urate ‘ 23 Sep. rao ener gts 
a? 


hur oho 2 





yet ret ohne SOUS ESS 
v4 ath Pipteaar® ga Faeroe emt ta he. 















079 
4 Lott 





















































































































































































re ke an, veh, 





bin gal 4 
vege opis prt: 4a ©. iytaree cere bigs . 
jet oe bas + 424% teene hs, 2 bree as ut ty 2%) ne ty cutee em Soe aes i ds es. oe mst anid ay garden rat soy 
‘i e: « ty ‘ ¢ 4 ey. ‘ . - . "4 “ee, or wm Fe 4 Cathie deed 
APCS pte si fue BS ht tgte's ak rn an 4. vide 8 = oS Be eg od. ra? rts i £ a gti AS Baad figageeh niet cas sMae, en resent int tae, Sy 
i = ; . 8 e ayer ae a Be! + he fepra® i ti he os >. “ 
tye wrtete i ee pg wbyse nah Dah nat oe $ viet ota fF Se Se} se netattOee as Gaeta? i brhakeg % situs obacy 
ey bheee et age gare 4 te Cr Re: ‘ ra fae i wart, ean: rE vit Ti it Pd hae nar sneeary = TNT atiietnsf iraryee jt Poop “2, Sen je ot 
2 feb tg wt ten pty nage agen eM Re te ey redieegtn's 3 Be Be taees baie sf Sete nes pwd tT Sate atebes eaery Pa Reet cares 
LE SOS i ML ee GIS oe etd Lotte ® " “ight : e RL oh aE P ata phteeettag Epo at Met sega Fy PR Ae 
1 #8 ety a A 4a $ " aA rae ee sea paz greasy ef ies weetn ‘ter: . J TP ae 2 Man gegt 
"he HO Wivivie cae eg eisaa, 3G ' < Pipa bagi b : i Pai a vey °4n9 wire Ape Fe rereter rhe ro Bree we Ca ne Fanny 
Pianeta eee at AE aE Rg ee Chet stat he pipet RR aaa Se cia neti a ek pd ty 
et’ see 2, aw 1%, ‘ Ste, Ch 94% > 2? als fist tet rey “4 4 Ph deny 2%, y 9 ptee® = Pehy et en. ig Be SeF WF wy Ma <" «78 fo 
eur ws we Oe Ss eee teres i Fs samt ate s sty St Ae og ETS ey ies ) ot Pee rens 
ea 2a 5 Ot ot NUFAIZ a re aegtutttetuke ong? eta ety te seetetengs s003 ’ bad Espserrente ee a peti g pte BI RE hate tretese tite 2 ie tia red 
a % et Bhan ot aie of A eer et we g ao pat AE cg maes gthe 07 2s 4 ee bor Reef ach | mf oe plies eat ean {antigay Pes Parnes rat Metes ~grewerahe ouetecacan ty? « 
‘eee ‘ aioe CURLS reg | Re ina rh SyBery tye “Hees, srtss: PES he ele ae avs’ s oe % ADF stl rae he ae Se Oo case te ys ATC™ teh: eAee 
Aopen atts vee aA) Gee oe Peed) ot ey one Fate Myler ete atime ete . ae? FP ea heremennahs 
et 5 ‘ 1 og Orso ee ¢ Qe, als £V uee weg ate ie 4 om mer “peered > Terevv" ty Sh eaten 
oreo Re et ¥ ' Be Me Gata % Pre tate a ale 4a TE awmee’s 
Cars wal ele in € tw roe 8 ae oe ie A ceurenh, ecdpepas bad tek 
a ae ae ee ne Oey Oe ee ve "? ire 3d fivsore Seprerpeiae 8% 
oi : oy 7 ete fyeth emt puget agt8 = 4gt scanty inte hoalhores tala 
we =  B7,8e 4 rol] 2 * Dace) q 
; i : edhe fet: tate ciphers , : 
cin ‘g ap ios sneer ¥ 


ie . 4 enn 






































































































































































































































































































































































« 
ve. oh eel scaamweryeney fu tare 
4, act yey t eae Bey: conten mio: ries arp iz te a Pe ee Pitan pre Nad Chi 
mari aty araey 3 ase’ fa ie Is hed dal ha betel siete atta 4 dyme2y Mow, Me Seamus tee “run: viata etek iets Se as 
p re te 2 bee tear a i 
v4 he, gd foetete wig steles ite vite a ine ah wd lana’ evan ig ube ee my na ee Lacs aren eoyeetei a eingeitte eh cain aerated heh Ayia. 
’ . . n¥ a Lae} a Ss, il ne Se! Chol = 
: ute ef t Tene tems ratio an nang be 
' t fon * . Sa faa 1 hire eda st 2 lavas, Pa bet y Rie hatin: Siete et pelea rhghas bebe 
i F fe hah ae ‘ Range ew ee isa e . efe oe ft ches Prt fe Sadie ee had) i race sy Someta teat tel meres B 
'‘ : : ' er . t S : Sire ae i” vie deo tuts e ve 7 i A eae Bau eucecre Sa ctetwtan eae e eee 
ss v6 ' . y eg Mc gor ig ca a a ods : way ite hie * .* ‘ ry w'yte 9" * < > of, ete apa oe aoe ats Ph i ap 
es , ee e oa) ey i Forney oe Seay, Se CRAG hl ae 5 Bt. Mahl Pate fhe ftom 2 eee 
‘ see t PS aE LeU : Go eRe 3 aed ait s gia tagty Can a eSndes eg nt eden? a gtap en tere ala Tots Bay ee 
ve * Py “1g " a eee ja 
’ : st ’ . af ‘ : we ae 4 ve Sue f od the Sn eis pa ete mae fey Hy nites et fe Bee ye nema paisa eee ies etetenym net °FS 
- i eo : ¢ wei . i “2 d - ae wineries Bae alters tere 
Pere ea are . , ) ie hd Peat Oe Se re se grape cue I Fe ep ie ete tes y 
s : aa ‘ eed eer ee meee ea ir YX alee tty, aesres : Otte Path "y: id fa Nad bi, oe 4) tptgte Mt seer ve eet e ee ge 
. ' , m bs a - eee Bad Cael ie s 
: ’ ’ , , UF aot ea 26 5 rer dani re a “ey “ on, a ea ae Fy ne “5 re on rag ny fare Fe Seria eee ir 
the ' ' ae x hd ee a + Paldsn Me ) tte 8t eee 2 as pee = y a 
i. ’ : t z sath a " AL ae | ed i dh fan if age . se Oe aa ae a Bee aa T to, if ice wag Haye : sheet ‘ me} petpemresy yo ny” joo fie 
. " < i sf, Ps utp htt ong evs 746 8S ga ut wn * : 3 fi 7 * 
’ Oe) Mien acanes , Mata ¥ Weary 2 Pare rs Arete eee Rei LAM bay Bis okahy’ rH 4 sult 8 i teeta le ren (ets Spee oe 
: ‘ > oe Fis tT vast ae Mie ueget Pr Per irae et Cit Wet Tae OY. ene hee ie H ea ? eres routs rahe ! eaten 4 OEE | ty mere rule totare® y my Paver ead, sea narinestr ie 
. 2 4” Pe day 7 . a + 1, By 3 
, ' a 2 weiae weed atGearae PUR HY ite erates Lhe ai if iy re 1b tay Bic Sal oa Sa Bar Ne Rn i a Sa MO By 
a St opee u rt ‘ ato ize shy Fein 5? recat é ang Meare) Ft untate ae ampere: fas (nr cane te nyee fe seeee anne 4 Camel ee ree 
‘ ¢ ‘ ave ope 8 aia aervent ome oEry ialac i eth a8 yee rhe 8 ¢ * a * et Ct an yo gewng 7H 8 ha phat os. Mt gia BEG net re sta Du os ' wr tet 
of OSG | hgh Gat aL de ends ne i! rete sty Sin gteat tb ag ot tgs gtatyad geen berg ate ety ’ Sas at oy ser yay 
: Pee oe a oh ry ata 4 n Vek cate fret eg rad By Ae Wy Seba mtg POs: oats ay m2 ee ch nes 
' ' . " 1 . + ar My MEsate woe og a H $4 
oe ee et Nid Nr Ra ea ee ib serene astute 
e 7 ; , i at * ; J “a “h aS Th An 2 Syne Ob he chai fal Sata Foe 
. ' , . ’ oe ve -* ‘ 13 4. Glee Cotman 
- ‘ fe ' is uae Tenant oe by hae’, as 7426 - ces oes ano: gm tte ts : 
* * , ’ s * 
ana ee iS Bey eee fehyiatern aten $1 eects *. res Rove ee eee 
. i whe os : 
oy ci neers A et aanaen. a aes : Be EH nae tee hace eh Fiala lrets teed a Sete 
F ’ ar ‘ gered ch Mma a Recs oy mS) heer mung a eee ee oft 
: is e eR herr ice me if vb9 221 28 a years oe ent 5h cae iy pete vt prerk oe tat th Sey ler Fates in 
ES sown, ire eee i i teteSat ty eae niet Severn at Ra ee yrs 
' . te nae . ' ‘ ro uA sia Fa oe ane Sees Ora Relies fad Be gto heli aed Fe ath at ioe yor an hs af apa, 
a ton ar a uy ee wears 2 Cae es My Panrotesh nae Pa llesact ae rh See 9 
ae . . ’ Ss) fe, i 
7 r ’ + ’ *,! : has at ‘ sett aetey £ iH. Sy ree ate, ist fa 
‘ Pier} ' 1 e , oa ‘ , “8 cas ee Pe Sopat 4 7 (Et ert ij ho me a Uers aoe Reta re as 
t 2 . Fi ‘ " ‘ : eit i ‘ " 5 Re SE ides i 3a Sy eget Sepp ot © deep sel al hap nae tad a Rie ato 
ans . ae nee i Sach : oe i D 4 er xR | A ethene exes pee eek rs ze hy be 
: : eu ive ve eet 4 A u : S364 *9 phi aye « oA ery) ek Ta en by ha 
t . ‘ , e " = peers ae ae id ‘a ers) mrs 3 
at +, 8 ; ‘ ¥ qs a” au q. 3 ae ahh f ps" 
4 es ‘ ne : Ae ; 
: i * ma ’ ‘ 46 ni og re 1 ve le Cab! ; aes ver mhaeh & 
. e : = oe . . ’ Ls ie we ve ise tt ong gets 
sa Due ee ‘ ’ wae B i %: get og "sere butty as ies Laced $ spn “oe 
P ; . rhs ; . sep les ge 1 Spey Bae fleet Saw Ss re toy Sis tae iat ” 
is 2 , oan aN wena wor lee. ¥ a's esate ets ey ait Oy i a 
‘ 7 Pe ‘ : eellaas i ne ee wgt on? & eae 2g tie wh Or “4 |e Mae Ate de 
. r a Fe core 





DUDLEY KNOA LIBRARY 
NAVAL DOSTGRADUATE SCHOO! 
MONTEREY GA 93943-5101 














NAVAL POSTGRADUATE SCHOOL 
Monterey, California 





THESIS 


AN EXAMINATION OF THE PERFORMANCE 
OF A NATURAL TRUNCATION POINT AND 
ACCEPTANCE RULE FOR A CURTAILED WALD 
SEQUENTIAL SAMPLING PLAN WITH 
BERNOULLI PARAMETERS 


by 


Cameron J. Lewis 
September 1992 


Thesis Advisor Prof. Glenn F. Lindsay 


Approved for public release; distribution is unlimited. 


Unclassified 
SECURITY CLASSIFICATION OF THIS PAGE 


REPORT DOCUMENTATION PAGE 


la REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS 
Unclassified Unclassified 
3. DISTRIBUTION/ AVAILABILITY OF REPORT 
Approved for public release; distribution is unlimited. 


2a. SECURITY CLASSIFICATION AUTHORITY 


2b. DECLASSIFICATION/DOWNGRADING SCHEDULE 





4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S) 
6a NAME OF PERFORMING ORGANIZATION 6b. OFFICESYMBOL | 7a NAME OF MONITORING ORGANIZATION 
Naval Postgraduate School a dame Naval Postgraduate School 
6c. ADDRESS (city, state, and ZIP code) 7b. ADDRESS (city, state, and ZIP code) 
Monterey, CA 93943-5000 Monterey, CA 93943-5000 
8a. NAME OF FUNDING/SPONSORING 8b. OFFICESYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 
ORGANIZATION (If Applicable) 


8c. ADDRESS (city, state, and Z/P code) 


10. SOURCE OF FUNDING NUMBERS 


PROGRAM PROJECT TASK WORK UNIT 
ELEMENT NO. NO. NO. ACCESSION NO. 





11. TITLE (/nclude Security Classification) 


AN EXAMINATION OF THE PERFORMANCE OF A NATURAL TRUNCATION POINT AND ACCEPTANCE RULE 
FOR A CURTAILED WALD SEQUENTIAL SAMPLING PLAN WITH BERNOULLI PARAMETERS (VU) 


12. PERSONAL AUTHOR(S) 
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (year, month,day) | 15. PAGECOUNT 
: 


16. SUPPLEMENTARY NOTATION 
The views expressed in this thesis are those of the author and do not reflect the official policy or position of the Department of 





Defense or the U.S. Government. 


i. COSATI CODES 18. SUBJECT TERMS (continue on reverse if necessary and identify by block number) 








19. ABSTRACT (Continue on reverse if necessary and identify by block number) 
This paper examines the performance of a proposed truncation and acceptance rule for the Wald Sequential 
Probability Ratio test for Bernoulli parameters and the rules influence on errors of the first and second kind 
as well as the average number of items sampled for inspection. The proposed truncation and acceptance rule 
Suggest that there exists a natural truncation point for every Sequential Probability Ratio test such that the 
desired error probabilities are not exceeded or that one of the true errors is smaller then desired and the other 
will be exceeded by an insignificant amount. A computer program is used to simulate the sampling process 
| and provide estimates of the true values of a plan’s Operating Characteristic curve, its average sample number 
|, as well as the probability of implementing the truncation and acceptance rule. Results suggest that truncation 
| and rejection of a lot at the natural truncation point will maintain a plan’s desired Operating Characteristic 
curve. The cases examined also suggest that any modifications to the natural truncation point truncation and 
acceptance rule may cause an unacceptable deviation from the desired Operating Characteristic curve. Finally, 
a linear equation was developed which provides an estimate of the upper limit on the probability of 



















implementing a truncation and acceptance rule and that in most cases, this upper limit is less than 0.15. 

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT "21. ABSTRACT SECURITY CLASSIFICATION 

UNCLASSIFIED/UNLIMITED [ | sameasrpt. [ | pricusERs Unclassified 

22a. NAME OF RESPONSIBLE INDIVIDUAL 22d. TELEPHONE (Include Area Code) | 22c. OFFICE SYMBOL 
 G.F.Lindsa Code OR/RL 

DD FORM 1473, 84 MAR 83 APR edition may be used unul exhausted SECURITY CLASSIFICATION OF THIS PAGE 


All other editions are obsolete Unclassified 








Approved for public release; distribution is unlimited. 

AN EXAMINATION OF THE PERFORMANCE OF A NATURAL 
TRUNCATION POINT AND ACCEPTANCE RULE FOR A 
CURTAILED WALD SEQUENTIAL SAMPLING PLAN WITH 
BERNOULLI PARAMETERS 
by 
Cameron J wes 
Lieutenant, United States Coast Guard 


B.S., UnitedStates Coast Guard Academy, 1985 


Submitted in partial fulfillment of the requirements 
for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1992 


ABSTRACT 


This paper examines the performance of a proposed truncation and acceptance 
rule for the Wald Sequential Probability Ratio test for Bernoulli parameters, and 
the rule’s influence on errors of the first and second kind as well as the average 
number of items sampled for inspection. The proposed truncation and acceptance 
rule suggests that there exists a natural truncation point for every sequential 
probability ratio test such that the desired error probabilities are not exceeded or 
that one of the true errors is smaller then desired and the other will be exceeded by 
an insignificant amount. A computer program is used to simulate the sampling 
process and provide estimates of the true values of a plan’s Operating 
Characteristic curve, its average sample number, as well as the probability of 
implementing the truncation and acceptance rule. Results suggest that truncation 
and rejection of a lot at the natural truncation point will maintain a plan’s 
desired Operating Characteristic curve. The cases examined also suggest that any 
modification to the natural truncation point truncation and acceptance rule may 
cause an unacceptable deviation from the desired Operating Characteristic curve. 
Finally , a linear equation was developed which provides an estimate of the upper 
limit on the probability of implementing a truncation and acceptance rule, and 


that in most cases, this upper limit is less than 0.15. 
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I. INTRODUCTION 


Quality control has been a part of every industry for as long as there has been 
industry. Statistical quality control, on the other hand, is a relatively new thing 
with its greatest developments occurring in just the past 80 or so years [Ref. 1]. 
During those 80 years, the military played a major role in forcing industry to adopt 
Statistical quality controls as a way of assuring that the quality of products they were 
buying met their specific requirements. A number of procedures were developed 
for sample inspection, most of which required inspectors to randomly draw a fixed 
number of sample items from a lot and inspect each one. If from these drawn items 
the number of defective or nonconforming items exceeded a specified critical value 
the lot was rejected , otherwise it was accepted. 

During the late 1940's , Abraham Wald indicated that there could be a fairly large 
economy in the average number of items inspected , or the Average Sample 
Number (ASN) , sometimes as much as 50%, through the use of sequential statistics 
[Ref. 1]. However there is one shortfall of this sequential method and that is that 
the number of items sampled typically has a large variance and the maximum 
number of items that may need to be inspected before a decision can be made is 
unbounded. Wald suggested a way of truncating the process but warned that this 
could change the probabilities of the errors of the first and second kind [Ref. 6]. In 
recent years there have been a number of papers written about this problem , 
suggesting decision rules and methods for truncation. One of these papers , by 


Jurgen Petersen , suggests that there is a natural truncation point (NTP) for every 


Sequential Probability Ratio (SPR) test at which a decision can be such that the 
desired errors will not be exceeded or that one of the true errors will be smaller then 
required and the other will be exceeded by an insignificant amount [Ref. 5]. 

This paper shall examine and evaluate the effects of using the NTP and decision 
rule on the Operating Characteristic (OC) and ASN of given SPR plans. It will also 
attempt to find the probability that in any given lot of items the truncation and 
acceptance rule may need to be implemented , that is , that decision to accept or 
reject will not have been made prior to the truncation point. 

In order to evaluate the proposed truncation and acceptance rules, a computer 
program was written to simulate a SPR sampling process using these rules. This 
program provides estimates of the probability of acceptance , the ASN, and the 
probability that the rule will be implemented for a number of specified sampling 
plans. These computed values will then be compared to Wald's theoretical values 
for the same SPR plans when no truncation rule is used. 

This study will proceed in the following way: Chapter II will describe the Wald 
Sequential Probability Ratio Test for a Bernoulli parameter. It will include a 
description of planned errors of the first and second kind, the testing procedure and 
sequential-sampling chart , the development of OC curves, and the calculation of 
the theoretical ASN . The third chapter will be a description of the NTP and 
decision rule that will be used and a brief explanation of how the NTP was obtained. 
Chapter IV will describe the simulation and the SPR plans that were evaluated and 
in the final chapter, the results of the simulation will be discussed and conclusions 


drawn. 


Il. WALD'S SEQUENTIAL PROBABILITY RATIO TEST 


The sequential method of quality control is a hypothesis test in which items are 
drawn from a lot sequentially and where one of three decisions can be made at any 
point during the test: (1) to accept the null hypothesis , (2) to reject the null 
hypothesis , (3) to continue the test by sampling more items. If either the first or 
second decision is made, the testing is terminated. If the third decision is made, the 
process is continued, selecting one item at a time until either the first or second 
decision is made. This testing method as well as definitions of the null hypothesis , 
Bernoulli parameters , and possible errors will be described in the following 


sections. 


A. BERNOULLI PARAMETERS AND ERRORS OF THE FIRST AND SECOND 
KIND 


Like most quality control plans, Wald's SPR test requires that a number of 
parameters be specified. The first of these parameters is the Acceptable Quality 
Level or AQL. The AQL is the proportion of nonconforming items that may be 
found in a lot and still have the lot called acceptable. This acceptable proportion is 
designated as the Bernoulli parameter P1. P1 is usually specified by the consumer as 


well as a value for © such that: 


Pr ( Rejecting a lot | Pa=P1) =e ; (1a) 


OT 


Pr ( Accepting alot | Pa=P1)=1-@ (1b) 


where Pa is the actual proportion of nonconforming items in the lot. These 
equations describe the Type I error associated with acceptance sampling. Stated in 
terms of a hypothesis test, the null hypothesis is that the actual proportion 
nonconforming is P1, and @ is the significance level for the test. 

The value of (@ is often known as the "producers risk" for it is the chance that the 
producer takes of having a lot consisting of satisfactory items rejected by the test. 
The consumer also has a risk associated with acceptance sampling. This consumers 


risk is designated as £ such that the 


Pr ( Accepting alot | Pa=P2)=$£ ; (2) 


where P2 is greater than P1 and is a value of the lot fraction nonconforming that the 
consumer is willing to take a £(100)% chance of accepting. The consumer's risk 
equation describes a value of a Type II error associated with acceptance sampling. 


The hypothesis test associated with acceptance sampling is 


Ho: Pa= Es 
Ha: Pa > Pi 


with , © ,£,P1,and P2 specified as discussed above. The values of P2 and & define 
a point on the test's Operating Characteristic (OC) curve. Note that the hypothesis 
test is only a one-sided test for it would make little sense to test for Pa being less than 


the AQL. The typical values for © and & are 0.05 and 0.10 respectively , and when 


used in Equations (1b) and (2) , define two points on the test's OC curve. 


B. SEQUENTIAL PROBABILITY RATIO 

In the Wald Sequential plan, items are drawn randomly from a lot one item at a 
time and inspected. After the nth item is inspected with c nonconforming items 
having been found, the sequential probability ratio is computed, compared against 


two test values A and B, and a decision is made as follows: 


: n 
cpp - Pr(reachingn,c/Pa=P2) _| P2(1i-Pi) |, |1-P2 - (3) 
Pr (reachingn,c/Pa=P1) PGi) oan 


and if SPR 2 A then stop sampling and reject Ho, 
if SPR < B then stop sampling and accept Ho, and 
if B<SPR<A then continue sampling . 


The constants A and B are derived so that the test will meet the requirements of 
Equations (1) and (2) . An upper limit for the constant A is found to be the ratio of 
the probability of rejecting the null hypothesis Ho when the alternative hypothesis 


Ha is true divided by the probability of rejecting Ho when Ho is true, yielding 


As 1-8 (4) 


86 


A lower limit for B is found to be the ratio of the probability that Ho is accepted 


given that Ha is true divided by the probability that Ho is accepted given that Ho is 


true or written as an inequality: 


7 Silene 
Wald showed that when the inequalities in Equations (4) and (5) are replaced by 


equalities, we have conservative values for A and B. [Ref. 6] 


C. SEQUENTIAL SAMPLING CHART 

Wald then greatly simplified the SPR test by removing the requirement of 
computing the SPR every time a sample is taken. He removed this requirement by 
developing a chart on which an inspector needed only to plot a point, where the 
abscissa is the total number of items inspected up to that time and the ordinate is the 
total number of those items which were found to be nonconforming [Ref. 1]. If the 
plotted point stays between the two parallel lines on the sampling chart, no decision 
is made about the lot and the inspection is continued. If a point is plotted and it falls 
on or above the upper parallel line the inspection is terminated and the lot rejected, 
but if a point is plotted and it falls on or below the lower of the two parallel lines, 


the inspection is terminated and the lot is accepted. Figure 1 shows what a typical 


sequential sampling chart may look like and how the points are plotted until a 


decision can be made. In Figure I, the decision would be made is to reject the lot. 


X 
6 = 
x hot $n 
Reject 

rs) 

4 

es 

Zz D4 = hy + 3Nn 
1 

Accept 
bh 10 20 : 30 40 20 60 70 n 
1 


Figure 1 -AN EXAMPLE OF A SEQUENTIAL SAMPLING CHART 


The values of hi , h2 , and s are arbitrary labels for constants which can be derived 


by setting the values for A and B equal to the right hand side of Equation (3) and 


then solving for c. When the value for A is set equal to the right hand side of 
Equation (3) and c is solved for, the result takes the form of c= -hi+sn. When B is 
set equal to the right hand side of Equation (3) and c is solved for, the result takes the 


form of c=h2+sn where [Ref. 1] 
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There are a number of items to note about the sequential sampling chart. The 
first item to note is that there is a minimum number of samples that need to be 
taken before a decision can be made. The second item worthy of being pointed out is 
that not all values of n represent an opportunity for accepting or rejecting Ho. 
Acceptance can occur only at those values of n where -hi+s(n-1) < X $ -hitsn, 
where both X and n are non-negative integers. The values of n that meet this 
condition will be called acceptance points. The final item worth noting is that since 
the acceptance and rejection lines are parallel to each other , the maximum number 
of items that need to be sampled before a decision can be made is unbounded. It is 
this difficulty with sequential sampling that led to the truncation and acceptance 


rule that will be discussed in the next chapter. 


D. THE OC CURVE FOR A SPR SAMPLING PLAN 

The Operating Characteristic (OC) curve for SPR sampling plan is a curve that 
shows the probability of accepting a lot of items given the actual proportion of 
nonconforming items in that lot (Pa). This OC curve should reflect the desired 


parameters such that 


Pr (accepting Ho! Pa=P1)=1-@, 
and 


Pr (accepting Ho | Pa=P2)=£ 


are two points on the plan's curve. It also has been shown that a third point on the 


curve is [Ref. 1] 


h2 
Pr (accepting Ho /Pa=s)= hy + ho 


Other points on the OC curve can be obtained from the parametric equations 
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where e is an arbitrary value which ranges from negative infinity to infinity such 


that fore = 1, we have Pa = P1, for e =-1 we have Pa = P2 and fore =0,Pa=s. An 


example of an Operating Characteristic curve is shown in Figure 2. 
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Figure 2 - AN OPERATING CHARACTERISTIC CURVE 


E. THE AVERAGE SAMPLE NUMBER (ASN) CURVE 

As discussed earlier in this paper, the number of items that will be required to be 
sampled before a decision can be made is a random variable, but Wald showed 
that it is possible to compute its expected value as a function of the plan's 


parameters and Pa. The equation for computing the ASN is as follows [Ref 1]: 
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ASN(Pa) = (11) 


Equation (11) can be simplified at specific values of Pa such that ASN(Pa = 0) = hi/s, 
ASN(Pa=1) = h2/(1-s) , and ASN(Pa=s) =h1 h2 / s (1-s). 

There are several items that should be noted about the ASN for any given SPR 
plan. The first of these is that the maximum ASN for any given plan will occur 
around the point where Pa = s and it is possible that this ASN will be larger than the 
sample numbers for some other types of sampling plans [Ref. 1]. Second is that the 
larger the difference between P1 and P2, the smaller the ASN. A final observation 
is that the greater the values of © and f, the smaller the ASN. Figure 3 shows 


what a typical ASN curve might look like. 
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Figure 3 - AN ASN CURVE 
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Ill. THE NATURAL TRUNCATION POINT AND A eal HAIN 

It has been shown that the probability that a sequential test will eventually 
terminate is 1.0, but we have also seen that the maximum value for n at which this 
termination will occur is unbounded [Ref. 6,p. 157-158]. It is because this 
maximum value is unbounded that we may find it necessary to set a definite upper 
limit , no, for the number of items to be inspected. It is at this truncation point that 
the test will be terminated and a decision on whether to accept or reject Ho will be 
made. Wald warns that if we truncated the sequential process at the noth trial, we 
will be changing the probabilities of errors of the first and second kind by some 
unknown amount, but as no becomes larger, the effect of this change will be smaller 
[Ref. 6]. 

In his paper, Petersen suggested that for every SPR plan there exists a natural 
truncation point (NTP) at which the test may be stopped and neither of the two 
error probabilities will be exceeded, or that the error of the second kind will be 
insignificantly greater then & [Ref. 5, p 22]. In the following sections we will give a 
brief description of the NTP and the decision rules that will be used when it is 


reached. 


A. THE NATURAL TRUNCATION POINT 


We have seen that not every point on the sequential sampling chart represents 
an opportunity to accept the null hypothesis. The only points at which the null 


hypothesis can be accepted are the values of n at which the equation (-hi + sn) is 
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equal to or has just become greater than a value of X, which is the number of 
nonconforming items that have been found in the sample of size n. These special 
values of sample number n are called acceptance points and are designated as 
Ao, A1,A2,..., where at each sample number Aj there is an unconditional 
probability that the test will be terminated given that the null hypothesis is true 
[Ref. 5]. 

A similar observation can be made about the opportunity to reject the null 
hypothesis. There are a number of points at which the number of nonconforming 
items needed to reject the null hypothesis increases by one. Analogous to above, 
these special values of sample number n are called rejection points. While these 
rejection points are interesting to note, we will see that they do not play a role in 
identifying the natural truncation points. Figure 4 shows the location of some 


acceptance and rejection points on a typical SPR chart. 
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Figure 4 - SEQUENTIAL PROBABILITY RATION CHART 
WITH ACCEPTANCE AND REJECTION POINTS HIGHLIGHTED 


If there is no truncation, the sum of the acceptance probabilities for all the 


values of Aj up to and including n is the probability that Ho will be accepted when 


iS) 


at most n samples are drawn. Given that n<Ai+1, the following statements can be 


made about the acceptance probability when at most n samples have been drawn 


[Ref. 5, p 16]: 
(i) Since -h1 < 0, the Pr (accept Ho | n=0) =0. 


(ii) As n increases in size, the Pr (accept Ho | n) never decreases , and only increases 


at acceptance points. 


(iii) For all sample numbers between Aj and Aji+1 , the Pr(accept Ho | n) isa 


constant and is equal to the Pr(accept Ho | n = Aj). 
Figure 4 shows how the acceptance probability accumulates for an arbitrary 


sampling plan when the null hypothesis is true , that is Pa = P1 [Ref. 5]. 
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Figure 4 - ACCUMULATED ACCEPTANCE PROBABILITY 


In the above example, the acceptance point A2 is the first point where the probability 


of acceptance exceeds the (1- O ) requirement. It is this point that is designated as 
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this plan's natural truncation point , no. 

Atno,gqco can an be considered as an upper bound for the probability of a Type I 
error. It is also possible to compute an upper bound for the probability of an error of 
the second kind as n approaches no. It has been shown that as n increases , the 
upper limit for the probability of a Type II error decreases , approaching & from 
above [Ref. 6, p 62-64]. 

It is also possible to show that the sum of the acceptance probabilities, when the 
alternate hypothesis is true , approaches £ as n increases . In addition, it has been 
suggested that the true probability of a Type II error will be at most, insignificantly 
greater than the planned error when n is equal to the natural truncation point [Ref. 
5]. Figure 5 shows how the acceptance probability may accumulate for an arbitrary 


sampling plan when the alternate hypothesis is true , that is Pa = P2. 


0.05 
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Figure 5 - ACCUMULATED ACCEPTANCE PROBABILITY 
WHEN THE ALTERNATE HYPOTHESIS IS TRUE 


If the true probability of a Type II error does not significantly exceed fs for any sample 


number n, it is then not necessary to specify a special truncation point to control it. 
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B. ACCEPTANCE RULES 

Once the natural truncation point is reached , a decision must be made as 
whether to accept or reject the null hypothesis. We will examine three related rules 
starting with the simplest and working toward slightly more complicated ones. The 
simplest and most conservative rule is that if no decision has been made after the 
last item has been sampled the null hypothesis should be rejected. By rejecting Ho, 
we insure that the true probability of errors of the first and second kind are as close 
to the desired values as possible [Ref. 6]. 

The second decision rule is known as the (hi-m) rule. This rule divides the 
region between the upper rejection and lower acceptance lines into two parts. The 


line which makes this division is the line -(hi-m)+sn where m is a positive integer 


such that 0 <m<(h2- (-hi1)). Figure 6 shows how the region is divided when m=2. 
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Figure 6 - AN EXAMPLE OF DIVIDING THE SAMPLING CHART 
USING THE (hi -m) ACCEPTANCE RULE. 


Under this rule, if the natural truncation point is reached before a decision has been 


made, the null hypothesis is rejected only if the plot of the number of 
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nonconforming items found falls on or above the - (hi-m)+sn dividing line. If the 


number of nonconforming items is less than -(hi-m)+sn, then Ho is accepted. 
The final rule that will be examined is an extension of the (hi-m) acceptance rule 
and attempts to reduce the ASN of a plan by finding earlier truncation points.. 


Under this rule, one of the two desired errors is fixed and the other is allowed to 


vary in an attempt to lower the value of the truncation point. Petersen describes a 


sample number ni which is strictly less than the NTP but at which we are assured 


that the probability of a Type I error will not exceed oc . He also describes ni” 
which is the smallest sample number for which & is not exceeded. These sample 


numbers can be found using the following equations: 


he nt [1-a-Pr(accept® Ai | Ho)] + Ai Log(1-P1) -log/ Pr(xXCAi =n 1) 
Log(1-P1) 


nt Pat R A Log[ 8 - Pr(accept @ Ai | He)] - Log{ Pr(X(Ai) =i+m)] - ] fl) 
Log(1-P1) 
where Pr( X(Ai) = i+m ) is the probability that the number of nonconforming items 
at acceptance point Aji will be less then or equal toi+m, given that the null 
hypothesis is true in Equation (11) and that the alternate hypothesis is true in 
Equation (12). [Ref. 5] 
While the derivation of Equations (11) and (12) is fairly complicated and will not 


be discussed here, there are several items that should be noted about using the 
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extended (hi-m) acceptance rule. The first item to note is that it is possible that ni* 
and ni may not exist for every given sampling plan. Second is that if the new 


truncation points do exist, once ni’ or ni” is reached, decisions are made in the 


Same way as the non-extended (h1-m) rule, and finally while this plan fixes one 
error ata desired value , the amount by which the alternate error will vary from its 
desired value is unknown and possibly can be quite large. 

Theoretically the above truncation rules should reduce the ASN of an given plan 
by truncating a sampling process at a specific point while maintaining the desired 
operating characteristic. The following section will describe the experimental 
procedures and computer simulation used to test the validity of the claims made 


above. 
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IV. EXPERIMENTAL PROCEDURES 


In any sequential sampling procedure, there are a number of steps that must be 
taken before the actual sampling and testing of items begin. First, the plan's 
parameters must be specified. Second, the definition of conforming and 
nonconforming must be clarified, and finally a procedure for random sampling and 
testing must be determined. It is only after these three steps have been 
accomplished that the actual testing may begin and decisions as whether to accept or 
reject lots may be made. The following section will discuss these three steps in 
detail as well as describe the computer simulation that was used to simulate the 


sampling process. 


A. PARAMETER SPECIFICATION 

Before the beginning of any sampling process , the parameters O, &,P1, and P2 
must be specified. These values are used in Equations (6) , (7) , and (8) to compute 
the values of hi, h2, ands which in turn are used to determine the acceptance and 
rejection zones on the sequential sampling chart. For the work presented in this 
paper,ac and £ were set at 0.05 and 0.10 respectively and remained constant 
throughout the test. These values were selected because they are typical values used 
in quality control. For the parameters P1 and P2 , twenty six pairs of P1 and P2 
values were arbitrarily selected. The values for P1 and P2 were selected to provide a 
good range for testing the truncation points and stopping rules. For ease of testing , 
the parameters were divided into four "Plan Sets" according to the four values of P1 


that were used. Table I provides a list of the parameter pairs used as well as their 


ile, 


natural truncation point and extended rule truncation points ni, and ni”. The 


truncation points for the extended rule were computed using the (h1-1) extended 


rule for reasons that will be discussed later. 


Table I- PARAMETER VALUES USED IN THE SIMULATION 
AND THEIR TRUNCATION POINTS. 
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* Does not exist under (h, 1) rule 


B. DEFINITION OF CONFORMING AND NONCONFORMING 

In quality control an item may be considered nonconforming if a specific 
measurement does not fall within required parameters: These parameters usually 
fall into one of two types of tests , one-way or two-way tests. A test that is one-way 
requires the item being inspected to meet some minimum or maximum limit. As 


long as this maximum or minimum is met, the item is considered good or 
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acceptable. For example, if a chain company may require a quarter-inch chain to 
have a minimum breaking strength of two thousand pounds, that is what they will 
test for. They may not care that the actual breaking strength is twenty-six hundred 
pounds , all they care is that the chains meet the minimum requirements. 

A two-way test has two parameters that must be met, a minimum and a 
maximum. The most common two-way test measures to see if a specific 
characteristic of an item falls between these two parameters. If the measurement 
falls between the minimum and maximum , the item is considered acceptable, 
otherwise it is rejected as unacceptable. An example of a two-way test may bea 
potato chip company measuring to see if a twelve ounce bag of chips is actually 
being filled with 12 oz. of chips. If a bag has too few ounces of chips in it the law 
may not allow them to call it a 12 oz. bag. If a bag has much more then 12 oz. in it, 
the company may be losing money. Not wanting to break the law or lose money, 
the company specifies a minimum and maximum weight for the number of ounces 
of chips that a bag should have. The company then tests bags of chips one at a time. 
If enough bags of chips meet the specified requirements, the machine that fill the 
bags is working properly. On the other hand if enough bags of chips do not meet the 
requirements, the company may decide that the filling machine requires 
adjustments or repairs. 

While the above two tests are not the only type of examinations used in quality 
control, they are probably the most common. For the purpose of this paper, the two- 
way test will be used in the examination of the proposed truncation rules. Ina 


computer simulation, a lot of 5000 numbers will be created from a normal 
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distribution. Each number represents some attribute of the item being tested. From 
this lot of numbers, one item at a time will be drawn , without replacement , and 
compared to a set of parameters such that the probability of the items falling outside 
these parameters is a fixed and known. If the item falls within the specific 
parameters it is classified as acceptable or conforming, otherwise it is classified as a 
nonconforming item. Inspection continues one item at a time until a decision can 


be made. Details of the simulation will be discussed in the following section. 


C. COMPUTER SIMULATION 

A computer program was written to simulate the Wald SPR sampling process 
and compute the ASN and its standard deviation , the Operating Characteristic, and 
number of times the stopping rule was utilized for each SPR plan. The computer 
simulation was written in VS FORTRAN 77 and utilized the AMDAHL 5990-500 
Dual-Processor mainframe computer system at the Naval Postgraduate School 
(NPS) Computer Center during the period of April to September 1992. The 
simulation also utilized the NPS Random Number Package with double precision 
written by P.A. Lewis and L. Uribe. 

The input variables for the simulation consisted of five parameters denoted by 
P1,P2,Pa,NTIP,and Za. With the exception of Za, all the parameters are the same 
as the ones discussed earlier in this paper. The parameter Za is the measurement 
parameter used in the two-way test discussed above such that the probability that an 
items measurement falls outside -Za and Za is Pa. 


As discussed before, twenty-six pairs of parameters P1 and P2 were used in the 
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simulation and were divided into four "Plan Sets" according to the four different 
values of P1 that were used. Each pair of parameters P1 and P2 within a Plan Set is 
called a plan since each different pair of P1 and P2 will have a different OC curve. 
For each plan , six to eighteen OC points, designated by Pa, were used to develop 
each Plan's OC and ASN curves. Table II gives an example of two plans and the 


values for Pa that were used in the simulation. 


Table II - EXAMPLE OF THE PARAMETERS FROM PLAN SET 1 
PLANS C AND D 


0.005 0.03 0.005 0.005 0.04 0.005 


0.007 
0.010 
0.013 


0.007 
0.010 
0.013 


0.016 
0.019 
0.022 
0.025 
0.028 
0.030 





A lot of 5000 random numbers was created from a normal distribution with a 
mean of zero and variance of one for each value of Pa. Each number represented an 
arbitrary measurement of some attribute of the items being tested. From one lot at a 
time, items were randomly selected one item at a time without replacement and 


tested against the parameter Za. This selection process continued until a decision as 
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whether to accept or reject the lot could be made. The process was then repeated 
5000 times so that the final estimate of each OC point was the result of 5000 lots of 
5000 items going through the SPR process. 

One of the sets of rules that should be kept in mind when conducting any 
random sampling process is that the method by which items are selected should 
ensure that each member of a lot has an equal chance of being selected. It should 
also avoid using any method of selection that associates the selection of the item 
with the classification of the item being selected. Since the items in the lots came 
from a normal distribution a sampling order was created for each lot from a 
uniform[0,5000] distribution. By selecting items according to a sampling order from 
a different distribution, we were assured that the sampling process was as close to 


random as possible. 
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V. RESULTS AND CONCLUSIONS 


When a Wald SPR sampling process is truncated its operating characteristics 
will vary with the location of the truncation point and the type of acceptance rule 
used. As the location of the truncation point becomes larger, the true values of the 
OC curve will approach the values of the OC curve of the nontruncated sampling 
plan. For this paper, the values obtained from the simulation for the OC and ASN 
curves will be known as the true values for a plan. These values will be compared 
to the values of the nontruncated SPR sampling process obtained from Equations 
(10) and (11). The values for the OC curve and ASN obtained from Equations (10) 


and (11) will be known as a plan's theoretical values. 


A. NATURAL TRUNCATION POINT — 

As discussed earlier in this paper, the first truncation and acceptance rule 
examined was an automatic rejection of a lot if the sampling process reaches the 
NTP. The normal approximation for the two-sided test for the Difference of Two 
Proportions (DTP), at a 0.05 level of significance, was used to compare the 
theoretical and true values of the operating characteristic at each value of Pa such 


that: 


Ho: P(accept | Pa)true = P(accept | Pa)theo. 


Ha: P(accept | Pa)true # P(accept | Pa)theo. 


According to test statistics, there appears to be no difference between the theoretical 


Zo 


and true values for any of the plans tested. In other words, for plans with parameter 
values in the range of those studied here, the NTP stopping rule provides a point at 
which the SPR sampling process can be truncated while maintaining the errors of 
the first and second kind at their desired values. The results of the above testing 
can be found in Tables III and IV of Appendix B under the heading m=0. 

The true ASN and theoretical ASN at each value of Pa were also compared but 
this time a one-sided Paired Difference T test (PDT), at a 0.05 level of significance, 


was used. The associated hypothesis test was 


Ho: ASNtrue = ASNtheo. 
Ha: ASNtrue < ASNtheo. 


which when rewritten as a PDT is 


Ho: (ASNtrue - ASNtheo.) = 0 
Ha: (ASNtrue - ASNtheo. ) < 0. 


The paired difference statistic has a student's t distribution with n-1 degrees of 
freedom. In the above testing, n=5000 and the therefore the t statistic is essentially 
normal. Results of the tests using the normal distribution can be found in Tables 
VI, IX, XII, and XV of Appendix B and showed that in almost all of the plans , the 
true ASN did not show any statistical savings over the theoretical values. 

There are two items worthy of noting when discussing the two comparison tests 
used above. The first item is that the use of a two-sided test is not entirely 


appropriate for the DTP test because at different areas of the OC curve the alternate 
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hypothesis , P(accept | Pa)true # P(accept | Pa)theo., may be desirable. For example, 
it may be desirable for the P(accept | Pa is near P1)true > P(accept | Pa is near P1)theo. 
or P(accept | Pa is near P2)true < P(accept | Pa is near P2)theo. because then the 
probability of either type of error would be less than required and therefore better. 
The second item worthy of noting is that while the differences between the true and 
theoretical values of a number may be statistically significant, the numerical 
differences may often be fairly small. When the sample size being used in the test is 
large, in this case 5000 , a small difference between numbers may often lead to 
rejection of the null hypothesis. It is therefore important to look at the actual 
numerical differences as well as the Z values obtained from the test statistics. These 


items will also hold true in the following sections. 


B. THE (h1-m) ACCEPTANCE RULE 


The second truncation and acceptance rule examined was the (h1 - m) acceptance 
rule. As discussed before, if no decision has been made prior to reaching the NTP 
the lot is accepted if the number of nonconforming items found up to that point is 


less then -(hi - m) + sn, where n is the NTP. If the number of nonconforming 


items found up to that point is equal to or greater then -(hi - m)+sn the lot is 
rejected. For this set of rules, the simulation was run using the same lots and 
sampling order used to test the first rule but was with m=1, m=2 ,m=3, and then 
m=4. Using the same lots and sampling order allowed direct comparison between 


runs with different values of m. 


The results from this set of tests can also be found in Tables XVII through XX of 
Appendix B and show that as m increases in value, the probability of a Type I error 
decreases at a decreasing rate. That is for every increase in m, the decrease in the 
probability of a Type Ierror becomes smaller and smaller and approaches zero as m 
approaches (h2 - (-h1)). On the other hand, as m increases in value, the probability 
of a Type Il error increases. Like the decreases in the probability of a Type I error, 
the increases in the probability of a Type II error becomes smaller as m increases but 
do not approach zero as quickly as alpha. In other words, every increase in the 
probability of a Type II error is not necessarily accompanied by an equal decrease in 
the probability of a Type I error. 

For all values of m>0 the Pr(accept Ho | Pa =P2 ) was greater than £. The 
differences between the true values of the probability of a Type II error and their 
desired values are statistically significant in all the plans tested but as discussed 
above, the actual numerical differences are not always that great. It is therefore 
necessary to make a decision as to how much you may be willing to let the 
probability of a Type II error vary from its desired value of f& in order to obtain some 
improvement in the probability of a Type I error. Since all the true values along a 
given the OC curve varied similarly when m is changed , the 95% confidence 
interval (CI) for the probability of a Type II error and a number of other OC points 
was computed for the different values of m. The computed CI for the probability of 
a Type Il error at m=1 was {0.106 , 0.118} with a maximum value of 0.128. The CI for 
the probability of a Type II error at m=2 was {0.12 , 0.137} with a maximum value of 


0.148. Since the true values for £ and the other OC points using m=1 are generally 
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very close to the theoretical values, the (hi - 1) truncation and acceptance rule is 


recognized as a reasonable truncation and acceptance rule for a Wald SPR sampling 
process. Unlike the m=1 rule, the deviations of the theoretical OC values from the 


true OC values for the rules using m2 2 are considered too great and therefore the 
(hi - m) truncation and acceptance rule for m2 2 is rejected as reasonable 


truncation and acceptance rule. Results of testing can be found in Tables V through 


XVI of Appendix B. 


C. THE EXTENDED (hi -m) ACCEPTANCE RULE 


As discussed earlier , the extended (hi - m) acceptance rule attempts to reduce the 


ASN of a plan by finding truncation points which are strictly less then the NTP. To 


do this, only one of the true errors will be guaranteed to equal the desired value. 


The point ni’ holds alpha constant, for it is smallest sample number at which the 


probability of a Type I error is equal to alpha. The point ni™ holds beta constant for 
it is the smallest sample number at which the probability of a Type II error is equal 


to beta. Since only the (hi - 1) acceptance rule is being recognized as an acceptable 


truncation and acceptance rule , the values for ni and ni were computed only for 
the extended (h1 - 1) acceptance rule. 
The performance of the extended (hi - 1) acceptance rule in most test cases was 


poor. While it did a good job holding one error close to the required value , the 
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other operating characteristics quickly deviated from their theoretical values so that 
by the time the alternate error was reached, its true value was usually more than 
twice its desired value. In addition, for most cases the extended acceptance rule 
provided only a small savings in ASN , and for a small number of points, the ASN 
for the nonextended acceptance rule was actually smaller. Results of the testing can 
be found in Tables XVII through XX of Appendix B. 

Overall, the performance of the extended (hi - 1) acceptance rule was poor and 
the rule is not recommended as a truncation and acceptance rule with one possible 
exception. If the difference between P1 and P2 is large and it is known that Pa is 
very close to P1, then using the extended acceptance rule may provide some savings 


in ASN. In all other cases, the nonextended m=0 or m=1 rule is recommended. 


D. PROBABILITY OF IMPLEMENTING (hi - 1) ACCEPTANCE RULE 


The probability that a truncation and acceptance rule will need to be implimented 
depends greatly on the true value of the actual proportion of noncomforming items 
in the lot, Pa , which is itself a unknown. Even though the actual probability of 
implimenting a truncation and acceptance rule is unknown, it is possible to get a 
rough upper limit for it by using some known parameters such as P1 , P2, and s. 

We have seen that as the difference between P1 and P2 increases, the ASN of a 
plan decreases and that the maximum value for the ASN of a plan occurs when Pa 
is approximately equal to s. It is when Pa is approximately equal to s that we have 
the greatest probability of reaching a truncation point and therefore a need to 


impliment a truncation and acceptance rule. Using this knowlege and the computed 
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probabilities of implimenting a truncation rule found from the simulation , a 
number of models were fitted to the values P1,P2, ands using the SAS stepwise 


logistic regression [Ref. 7] resulting in the following fitted model 


A | __ Exp[-2.3415+0.294113Ln(P2-P1)-0.158121Ln(s)] 
Pr(reaching NTP) = 7 “Fy or-3 341540 294113Ln(P2-P1)-0.15812ILn(s)] “1 


The Chi-square test for goodness-of-fit for the Equation (13) resulted in p-value , 
0.0001 and testing of the equation against the actual results from the simulation 
proved it to be quite accurate over the simulated range. Results of this testing can be 
seen in Table XXI of Appendix E. Further testing showed that it provided reasonable 
predictions for parameter sets outside of the simulation range. A 95% confidence 
limit for the maximum probability was also computed and found to be 
approximately [0.101 , 0.138]. 

One point to remember is that this equation only provides a rough upper limit 
for the probability of implimenting a truncation rule and that if Pa is closer to P1 or 
P2, the actual probability will most likely be quite a bit smaller. graphs of the actual 


probabilities for each plan can be found in Appendix E, Figures 46 through 51. 


E. AREAS FOR FURTHER STUDY 

This paper studied the curtailed Wald SPR sampling plan using only one set of 
values for alpha and beta. A further area of studied might be on how changing the 
values of alpha and beta impacts on these test results. It is hoped that the work 
provided in this paper will be beneficial to those interested in sequential sampling 


and quality control. 


a 


APPENDIX A 


Computer Program Wald2 


PROGRAM WALD2 


THE FOLLOWING PROGRAM SIMULATES THE USE OF A WALD 
SEQUENTIAL SAMPLING PLAN AND EVALUATES THE MEAN AND 
VARIANCE OF THE AVERAGE NUMBER OF ITEMS SAMPLED FOR A GIVEN 
PROBABILITY OF A NONCONFORMING ITEM. 

ie. Pr(item is nonconforming) = Pa 


THE PROGRAM CREATES LOTS OF 5000 ITEMS FROM WHICH ONE ITEM AT 
A TIME WILL BE RANDOMLY SAMPLED WITHOUT REPLACEMENT AND 
COMPARED TO A SPECIFIED ITEM REQUIREMENT. THE NUMBER OF 
NONCONFORMING ITEMS WILL BE COUNTED UNTIL A DECISION TO 
ACCEPT OR REJECT THE LOT CAN BE MADE. THE PROCESS WILL BE 
REPEATED FOR DIFFERENT STOPPING RULES AS DISCUSSED IN THE 

C THESIS PAPER. 

ec 


Gao ORO 0) OLD 1001) 


INCLUDE 'SEQDAT DEF' 
INCLUDE 'LOTSEED DEF' 
INCLUDE 'COUNTER DEF' 
INCLUDE 'STATS DEF' 
G 
INTEGER I 
SEED1(1) = ####### 
SEED2(1) = ####### 
G 
C STARTING SEED VALUES CAN BE CHANGED AT ANY TIME AND WILL 
C CHANGE AUTOMATICALLY EVERY TIME A NEW LOT IS CREATED 


C 
CULLTTLTTTTTTTTTTLTITLL LLL START PLANSEVI//// 1771/11/11 77707 177) (7) 
C 

DO 10 1=1,5 
G 
C THE FOLLOWING SUBROUTINE INITIALIZES VARIABLE THAT WILL BE 
C USED IN THE SIMULATION 


CALL INITOC1 


THE FOLLOWING SUBROUTINE CREATES THE SPECIFICS OF EACH PLAN 


oe © 


CALL SPECS 
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: THE FOLLOWING SECTION STARTS THE SIMULATION FOR PLAN SET 1 
: DO 20 N =1, 82 
DO 30 R = 1, 1000 
- THE FOLLOWING FORMS THE LOTS AND SAMPLING SCHEDULE 
. CALL FORMLOT 
c THE FOLLOWING SUBPROGRAM INSPECTS EACH LOT 


CALL OCINSP 
© 
30 CONTINUE 
20 CONTINUE 
é 
C THE FOLLOWING SUBPROGRAMS COMPUTE THE DESIRED STATISTICS 
C AND DISPLAYS THEM 


és 
CALL STATCOMP 
CALL DISPLAY1 
10 CONTINUE 
€ 


CIITTITTITTTTTIATTTTTTTTT TT LENDPARTASS//LAALTTLTATTTT TATA TAT 
e 
CLITITTITITITTTITTTLTTLT1 1 STARTPLANSET2 //////////// 11/11/1111 11111111 


DO 40 [=1,5 


@ 


THE FOLLOWING SUBROUTINE INITIALIZES VARIABLE THAT WILL BE 
USED IN THE SIMULATION 


CALL INITOC2 
THE FOLLOWING SUBROUTINE CREATES THE SPECIFICS OF EACH PLAN 
GAEL SPECS 


THE FOLLOWING SECTION STARTS THE SIMULATION FOR PLAN SET 1 


Cea O@e AAAN 


DO 50 N =1, 82 
DO 60 R = 1, 1000 


THE FOLLOWING FORMS THE LOTS AND SAMPLING SCHEDULE 


CYRre 
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CALL FORMLOT 
G | 
C THE FOLLOWING SUBPROGRAM INSPECTS EACH LOT 
eG 
CALL OCINSP 
& 
30 CONTINUE 
20 CONTINUE 
C 
C THE FOLLOWING SUBPROGRAMS COMPUTE THE DESIRED STATISTICS 
C AND DISPLAYS THEM 


C 
CALL STATCOMP 
CALL DISPLAY2 
10 CONTINUE 
Cc 


CITITITTTITITTTTTITTTTTTTT TL ENDPART2////L/TTTITTTTTITTTTT TTT ATT TTT 
S 
*#* SAME AS ABOVE FOR PLAN SETS 3 AND 4 ******** 


SUBROUTINE INITOC!1 


INCLUDE 'SEQDAT2 DEF’ 
INCLUDE 'STATS2 DEF' 
INCLUDE ' LOTTS DEF' 


INTEGER I, J 


DO 101 =1,82 
P1 = 0.0 
P2 = 0.0 
Pa = 0.0 
Za(l) = 0.0 
NTP() = 0 
DO 20J =1, 1000 
RULE(1I,J) = .FALSE. 
REJECT2(1, J) = .FALSE. 
20 CONTINUE 
10 CONTINUE 
OPEN( 13 , FILE = '/OCPLAN1 DATA’) 
VWIRKEE ("aa ane 
WRITE(*,*)" Pl P2 Pa NTP " 
DO 301 =1, 82 
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READ(13,*) P10), P2() , Pal) , NTP() 
WRITE(15,*) P11), P2() , Pad) , NTP) 


15 FORMAT(1X , F5.3 , 2X , F4.2,2X ,F5.3 , 2X, 14) 
30 CONTINUE 

CLOSE(13) 

RETURN 

END 

a 
SUBROUTINE INITOC2 

Cc 


INCLUDE 'SEQDAT2 DEF' 
INCLUDE 'STATS2 DEF' 
INCLUDE ' LOTTS DEF' 


INTEGER I, J 


DO 101=1, 82 
P1 = 0.0 
P2 = 0.0 
Pa = 0.0 
Za(I) =0.0 
Ne) = 0 
DO 20J =1, 1000 
RULE(I, J) = .FALSE. 
REJECT2(1,J) =.FALSE. 
20 CONTINUE 
10 CONTINUE 
OPEN( 13 , FILE = '/OCPLAN2 DATA’) 
PeRITEG;*)" " 
Rite) *)" Pl P2 Pa NIP " 
DO 301 =1, 82 
READ( 13 ,*) P11) , P2() , Pal), NTPC) 
WRITE( 15 ,*) P1(1) , P2(1) , Pa) , NTPC) 


15 FORMAT(IX , F5.3 , 2X, F4.2, 2X , F5.3,, 2X , I4) 
30 CONTINUE 
CLOSE(13) 
RETURN 
END 
ee rns ee. ---------------~--- 
[SAME FOR PLAN SETS 3 AND 4 ***++#*#+++ 
ee ee = 


SUBROUTINE SPECS 
e 
INCLUDE 'SEQDAT2 DEF' 
INCLUDE 'PLAN2 DEF' 


os) 


C 
C THE SUBROUTINE COMPUTE hl, h2, and s FOR EACH PLAN 
S 
INTEGER I 
REAL DENOM 
é 
DOT=1,82 
DENOM = LOG( ( P2(I)*(1.0-P1(@) ) ) / (P1(D*(1.0-P2(1) ) ) ) 
H1(I) = 2.25129 / DENOM 
H2(I) = 2.89037 / DENOM 
S(I) = LOGY (1.0 - P1(I)) / (1.0 - P2(1) )) / DENOM 
10 CONTINUE 


RETURN 
END 
(wenn en mnnnn nnn nnn nner nes een eee naan nen aa a ee 
SUBROUTINE FORMLOT 
C 


C THIS SUBPROGRAM USES THE NAVAL POSTGRADUATE SCHOOLS 

C RANDOM NUMBER GENERATOR TO CREATE A LOT OF 5000 ITEMS FROM 
C A NORMAL DIST. AND THE RANDOM ORDER IN WHICH THE WILL BE 

C SAMPLED 


E 
INCLUDE 'LOTTS DEF’ 
INCLUDE 'LOTSEED DEF' 
INCLUDE 'COUNTER DEF’ 
G 
INTEGER I 
= | 
CALL SNOR( SEED1(1) , LOT , 5000 , 2,0) 
CALL SLINT( SEED2(1) , RANHLD , 5000 , 2) 
G 


DO 10 1 = 1, 5000 
SAMPNUM() = NINT(RANHLD() * 0.00000232) 
10 CONTINUE 


RETURN 
END 
((------- 3 ne 
SUBROUTINE OCINSP 
G 


C THIS SUBROUTINE INSPECTS THE ITEMS IN THE LOTS AND COLLECTS THE 
C DATA THAT WILL BE USED TO DETERMINE THE OC CURVE AND ASN. 
C 

INCLUDE 'SEQDAT2 DEF' 

INCLUDE 'STATS2 DEF' 

INCLUDE 'COUNTER DEF' 

INCLUDE 'LOTTS DEF' 
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INCLUDE 'PLAN2 DEF' 


INTEGER SUMX ,C,M 
REAL UPX , LOWX , ITEM 
LOGICAL STPINSP 


ITEM = 0.0 

SUMX = 0 

C=0 

M=1 

NOTE THAT THIS IS THE M IN THE H1-M RULE , M=0 MEANS REJECT AT 
NTP 

STPINSP = .FALSE. 


20 AN 


IF( .NOT.STPINSP ) THEN 
C=C+1 
ITEM = ABS( LOT (SAMPNUM (C) ) ) 
IF (ITEM .GT. Za (N) ) THEN 
SUMX = SUMX + 1 

ENDIF 

UPX = H2(N) + C * SIN) 

LOWX = C *S(N) - H1(N) 


IF( C .GE. NTP(N) ) THEN 
RULE(N , R) =.TRUE. 
STPINSP = . TRUE. 
NINSP(N,R)=C 
IF (SUMX .GT. LOWX + M ) THEM 
REJECT2(N , R) = .TRUE. 
ENDIF 
ELSEIF( SUMX . GE. UPX) THEN 
REJECT2(N , R) = .TRUE. 
STPINSP = .TRUE. 
NINSP(N,R)=C | 
ELSEIF( SUMX . LE. LOWX) THEN 
STPINSP = .TRUE. 
NINSP(N,R)=C 
ENDIF 
GOTO 99 
ENDIF 
RETURN 
END 


SUBROUTINE STATCOMP 


C THIS SUBROUTINE COMPUTES THE DESIRED STATISTICS SUCH AS ASN 
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INCLUDE 'SEQDAT2 DEF' 
INCLUDE 'STATS2 DEF’ 
INCLUDE 'PLAN2 DEF' 


INTEGER I , ], SUMINSP(82) 
REAL EXSQ(82) 


DO 10I =1, 82 
SUNINSP (I) = 0 
EXSQ(I) = 0.0 
NREJ2(D = 0 
NSTP2(I) = 0 
C]2(1) = 0.0 
DO 20J =1, 1000 
SUMINSP(D = SUMINSP(D + NINSP(I, J ) 
IF(RULE( I, J) ) THEN 
NSTP2(I) = NSTP2(D + 1 
ENDIF 
20 CONTINUE 
AVEN2(I) = SUMINSP(D / 1000.0 
DO 25 J =1, 1000 
EXSQ(D = EXSQ(D + ( ( NINSP(, J) - AVEN2(D ) **2) 
25 CONTINUE 
SAVEN2(D = SORT( EXSQ(D / 1000.0 ) 
CI2 = (SAVEN2(I) / 100.0 ) * 1.95996 
UPCI2(D = AVEN2(D + CI2(D 
LOWCI2(I) = AVEN2(D - CI2(D 
10 CONTINUE 


C 
RETURN 
END 
(Cnn nn - er wnne nnn eee coe new en cca ae eae eae ane ee eee ee ee ee ee 
SUBROUTINE DISPLAY1 
C 


C THIS SUBROUTINE DISPLAYS THE STATISTICS AND WRITES THEM INTO 
C AFILE 
C 
INCLUDE 'STATS2 DEF’ 
INCLUDE 'SEQDAT2 DEF 
C 
INTEGER I 
E 
IF(1 .EQ. 1) THEN 
OPEN(31 , FILE='/OCOUT1A DATA’) 
IF( I .EQ. 2) THEN 
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ie] 


1s 


15 


a7, 


ihe, 


21 


22 


23 


24 


Zo 


OPEN (32 , FILE='/OCOUTIB DATA’) 
IF( I .EQ. 3) THEN 

OPEN(33 , FILE= '/OCOUT1C DATA’) 
IF(I .EQ. 4) THEN 

OPEN (34 , FILE= '/OCOUTID DATA’) 
ELSE 

OPEN(35 , FILE = '/OCOUTIE DATA‘) 
ENDIF 


DO 101 =1, 82 
co PINRO. 0) a ! 
WRITE(* , *)' SEQUENTIAL PLAN ! 
WRITE(*, *) ' PI P2 Pa NTP : 
WRITE( *, 11) P1() , P2(1) , Pa() , NTP) 
FORMAT (4X, F5.3 , 4X, F5.3,5X , F5.3,7X ,14) 
WRITE( *,13) AVEN2(I) 
FORMAT( 1X , "MEAN NUMBER INSPECTED. ', 2X , F10.3) 
WRITE( *,15) SAVEN2(I) 
FORMAT( 1X , ‘STD DEV OF NUM INSP ', 2X, F10.3) 
WRITE(* , 17) LOWCI2(1) , UPCI2(1) 
FORMAT(1X , '95% CI ON MEAN (', 1X , F10.3, 1X ,',' 1X, F10.3, 1X,")') 
WRITE(*.19) NREJ2(1) 
FORMAT(1X , ‘NUMBER OF LOTS REJECTED ', 2X , F8.1) 
WRITE(*,20) NSTP2(I) 
FORMAT(1X , '# OF TIMES STOPPING RULE WAS USED ' , 2% , F8.1) 


IF (I .EQ. 1) THEN 
WRITE(31 , 21 ) P1(1) , P2(I) , Pa(l) AVEN2(I) , SAVEN2(1), NREJ2(D , 
&NSTP2(1) 
FORMAT(1X , 3(F5.3 , 1X) , 3(F10.3 , 1X ) , F8.1) 
IF (I EQ. 1) THEN 
WRITE(31 , 22 ) P1(I) , P2(1) , Pad) AVEN2(I) , SAVEN2(1), NREJ2(1) , 
&NSTP2(I) 
FORMAT(1X , 3(F5.3 , 1X) , 3(F10.3 , 1X) , F8.1) 
IF (I.EQ. 1) THEN 
WRITE(31 , 23 ) P1(1) , P2(1) , Pa) AVEN2(D , SAVEN2(1), NREJ2() , 
&NSTP2(1) 
FORMAT(IX , 3(F5.3 , 1X) , 3(F10.3 , 1X) , F8.1) 
IF (I EQ. 1) THEN 
WRITE(31 , 24) P1(I) , P2(1) , Pad) AVEN2(D , SAVEN2(1), NREJ2(1) , 
&NSTP2(1) 
FORMAT(IX , 3(F5.3 , 1X) , 3(F10.3 , 1X) , F8.1) 
ELSE 
WRITE(31 , 25) P1(1) , P2(1) , Pal) AVEN2(D , SAVEN2(1), NREJ2(1) , 
&NSTP2(1) 
FORMAT(1X , 3(F5.3 , 1X) , 3(F10.3 , 1X ) , F8.1) 
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ENDIF 

C 

10 CONTINUE 
CLE@sEG)) 
CLOSE(32) 
GI@SEGs3) 
CLOSE(34) 
CLOSE(35) 
RETURN 

END 


**#4* SAME TYPE OF SUBROUTINE FOR DISPLAYING PLAN SETS 2 , 3, AND 4 
JUST NEED TO CHANGE THE OUTPUT FILES ****** 
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APPENDIX B 


Table III - OC CURVE DATA FOR PLAN SET I 
(hi-m) ACCEPTANCE RULE FOR me={ 0, 1, 2 } 
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Table III - OC CURVE DATA FOR PLAN SET I 
(hi-m) ACCEPTANCE RULE FOR ma{ 0, 1, 2} 
(CONTINUED) 
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Table IV - OC CURVE DATA FOR PLAN SET II 
(hi-m) ACCEPTANCE RULE FOR m={ 0, 1, 2 } 
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Table IV -OC CURVE DATA FOR PLAN SET I 


(hi-m) ACCEPTANCE RULE FOR me{ 0, 1, 2] 
CONTINUED) _ 
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Table V - DATA OUTPUT PLAN SET I 
(hi-1) ACCEPT ANCE RULE 
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Table V - DATA OUTPUT PLAN SET I 
(h1-1) ACCEPTANCE RULE 
_.. CONTINUED) 
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Table VI- ASN TESTING , PLAN SET I 
(hi-1) ACCEPTANCE RULE 
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REPRODUCED AT GOVERNMENT EXPENSE 


Table VI - ASN TESTING , PLAN SET I 
(hi-1) ACCEPTANCE RULE 


(CONTINUED) 
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Table VII - OC CURVE TESTING , PLAN SET I 


ass) ACCEPTANCE RULE 
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Table VII - OC CURVE TESTING , PLAN SET I 
(h1-1) ACCEPTANCE RULE 
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Table VIII - DATA OUTPUT PLAN SET II 


h1-1) ACCEPTANCE RULE | 
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Table Vill - DATA OUTPUT PLAN SET II 
(hi-1) ACCEPTANCE RULE 
(CONTINUED) 
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TableIX - ASN TESTING , PLAN SET II 
(h1-1) ACCEPTANCE RULE 
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REPRODUCED AT GOVERNMENT EXPENSE 
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TableIX - ASN TESTING , PLAN SET II 
(h1-1) ACCEPTANCE RULE 
(CONTINUED) 


Table X - OC CURVE TESTING , PLAN SET II 


(h1-1) ACCEPTANCE RULE 
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Table XI - DATA OUTPUT PLAN SET III 
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Table XII - ASN TESTING , PLAN SET II 
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REPRODUCED AT GOVERNMENT EXPENSE 


Table XII - ASN TESTING , PLAN SET II 
(hi-1) ACCEPTANCE RULE 
(CONTINUED) 
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Table XIII - OC CURVE TESTING , PLAN SET Il 
(hi-1) ACCEPTANCE RULE _ 
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Table XIII - OC CURVE TESTING , PLAN SET III 
(hi-1) ACCEPTANCE RULE 
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Table XIV - DATA OUTPUT PLAN SET IV 
(hi-1) ACCEPTANCE RULE 
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Table XIV - DATA OUTPUT PLAN SET IV 
(hi-1) ACCEPTANCE RULE 
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Table XV - ASN TESTING , PLAN SET IV 
(h1-1) ACCEPTANCE RULE 
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REPRODUCED AT GOVERNMENT EXPENSE 





Table XV- ASN TESTING , PLAN SET IV 
(hi-1) ACCEPTANCE RULE 
(CONTINUED) 
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Table XVI - OC CURVE TESTING , PLAN SET IV 
(hi-1) ACCEPT 
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Table XVI - OC CURVE TESTING , PLAN SET IV 
(h1-1) ACCEPTANCE RULE 
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Table XVII - OC TESTING , PLAN SET I 
EXTENDED (h1-1) ACCEPT ANCE RULE 
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Table XVU - OC TESTING , PLAN SET I 
EXTENDED (hi-1) ACCEPTANCE RULE 
(CONTINUED) 
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Table XVUI - OC TESTING , PLAN SET II 
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Table XVIII - OC TESTING , PLAN SET Il 
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Table XIX - ASN TESTING , PLAN SET I 
EXTENDED (h1-1) ACCEPTANCE RULE 
(CONTINUED) 
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Table XX - ASN TESTING , PLAN SET II 
EXTENDED (hi-1) ACCEPTANCE RULE 
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Table XX - ASN TESTING , PLAN SET II 
EXTENDED (hi-1) ACCEPTANCE RULE 
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Figure 9- OC CURVE , PLAN SETI, CURVE B 
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Figurel10 -OC CURVE , PLAN SETI, CURVE C 
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Figure 11 - OC CURVE , PLAN SETI PCURVED 
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Figure 12 - OC CURVE , PLAN SETI, CURVEE 
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Figure 13 - OC CURVE , PLAN SETI, CURVE F 
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Figure 14-OC CURVES , PLAN SETI , CURVES A THRU D 
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Figure 18= OC CURVES , PLAN SEP" CURVES E AND D 
(SOLID LINE - TRUE , DASHED - THEORETICAL) 


PROBABILITY OF ACCEPTANCE 


0.2 


PROBABILITY OF ACCEPTANCE 


PEANeS , OCsGUIRVES 


PLAN 3 , CURVE A 
P1=0.015 . P2~=0.030 


1.0 


0.8 


0.6 


0.4 





0.07€ 0.020 0.024 


PROPORTION NONCONFORMING 


PLAN 3, CURVE C 
Es P1=0.015 . P2=0.050 


0.028 





0.02 


0.03 0.04 
PROPORTION NONCONF ORNING 


0.05 


PROBABILITY OF ACCEPTANCE 


PROBABILITY OF ACCEPTANCE 


PLAN 3, CURVE B 
Pie0.015 . P2=0.040 


1.0 


0.8 


0.6 


0.4 


0.2 





© 
0.015 0.020 0.025 0.030 0.035 0.040 
PROPORTION NONCONFORMING 
PLAN 3 , CURVE D 
© P1=0.015 , P2=0.060 





0.02 


0.03 
PROPORTION NONCONFORMING 


0.04 0.05 0.06 


Figure 16 - OC CURVES , PLAN SET I , CURVES A THRU D 
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PROBABILITY OF ACCEPTANCE 


PROBABILITY OF ACCEPTANCE 


PLAN 4 , OC CURVES 


© 


PLAN 4 , CURVE A 
Pi=0.020 , P2=0.030 


1.0 


0.8 


0.6 


0.4 


0.2 





0.020 0.022 0.024 0.026 0.028 0.030 
PROPORTION NONCONF ORMING 
PLAN 4 , CURVE C 
° Pie0.020 , P2—0.050 


0.8 


0.6 


0.4 


0.2 





o0 


02 0.03 
PROPORTION NONCONFORMING 


0.04 0.05 


PROBABILITY OF ACCEPTANCE 


PROBABILITY OF ACCEPTANCE 


PLAN 4 , CURVE B 
Pi=0.020 . P7=0.040 





0.020 0.025 0.030 0.035 0.040 
PROPORTION NONCONFORMING 
PLAN 4 , CURVE D 
° Pi|_0.020 , P2=0.060 





0.05 
PROPORTION NONCONFORMING 


0.03 0.04 0.06 
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Figure 21 - ASN CURVE , PLAN SETI , CURVE B 
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Figure 23 - ASN CURVE , PLAN SETI , CURVE D 
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Figure 24- ASN CURVE , PLAN SETI ,CURVE E 
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Figure 25 - ASN CURVE , PLAN SETI, CURVE F 
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Figure 26 - ASN CURVE , PLAN SETI, CURVE G 
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Figure 27- ASN CURVE , PLAN SETI. , CURVE A 
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Figure 28 - ASN CURVE , PLAN SETI , CURVE B 
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Figure 29 - ASN CURVE , PLAN SET II , CURVE C 
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Figure 30- ASN CURVE , PLAN SETH , CURVE D 
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Figure 31 - ASN CURVE , PLAN SETI. ,CURVE E 
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Figure 32 - ASN CURVE , PLAN SET iereURVvE F 
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Figure 33 - ASN CURVE , PLAN SETID , CURVE A 
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Figure 34 - ASN CURVE , PLAN SETI , CURVE B 
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Figure 35 - ASN CURVE , PLAN SET III , CURVE C 
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Figure 36 - ASN CURVE , PLAN SET II , CURVE D 
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Figure 37 - ASN CURVE , PLAN SET III , CURVE E 
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Figure 38 - ASN CURVE , PLAN SETIV , CURVE A 
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Figure 39 - ASN CURVE , PLAN SETIV , CURVE B 
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Figure 40 - ASN CURVE , PLAN SETIV , CURVE C 
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Figure 41 - ASN CURVE , PLAN SET IV , CURVE D 
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Figure 42 - ASN CURVE , PLAN SET ly 7eURvE E 
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Figure 43 - ASN CURVE , PLAN SETIV , CURVE F 
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Figure 44 - ASN CURVE , PLAN SETIV , CURVE G 
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Figure 45 - ASN CURVE , PLAN SETIV ,CURVE H 
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Figure 46 - PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE . PLAN I , CURVES A THRU D. 
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Figure 47- PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE . PLAN I , CURVES E THRU G. 
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Figure 48 - PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE. PLAN II , CURVES A THRU F. 
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Figure 42 - PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE . PLAN IT , CURVES A THRU E. 
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Figure 50 - PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE. PLAN IV , CURVES A THRU D. 
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Figure §! - PROBABILITY OF IMPLIMENTING THE TRUNCATION 
AND ACCEPTANCE RULE . PLAN IV , CURVES E THRU H. 
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Table XXI - TESTING OF REGRESSION EQUATION 
FOR THE PROBABILITY OF IMPLIMENTING 


(h1-1) ACCEPTANCE RULE 


rr pelted ie ater 
a) | ee baPNTrmlmPaNTe) | | 
i  ii<—_— | | 
[0.005 | 0.010 | 0.008 | 0.00722 | 0.088 | 0.057. | 0.03 
0.005 | 0.020 | 0.015 | 0.01084 | 0.114 | 0.086 | 0.03 
[0-005 | 0.030 | 0.025 | 0.01400 | 0.128 | 0.101 | 0.03 
[0.005 | 0.040 | 0.035 | 0.01693 | 0.137 | 0.191 | -0.05 
[0.005 | 0.050 | 0.045 | 0.01970 | 0.144 | 0.146 | 0.00 -_ 
[0.005 | 0.060. | 0.055 | 0.02237 | 0.149 | 0.112 | 0.04 
[0.005 | 0.070 | 0.065 | 0.02496 | 0.154. | 0.207 | -0.05 
0.010 | 0.030 | 0.020 | 0.01824 | 0.115 | 0.094 | 0.02 
[0.010 | 0.040 | 0.030 | 0.02172 | 0.126 | 0.130 | 0.00 
[770.010] 0.050__| 0.040 | 0.02499 | 0.134 | 0.139 | -0.01 
[0.010 | 0.060 | 0.050 | 0.02811 | 0.140. | 0.162 | -0.02 
{0.010 | 0.070 | 0.060 | 0.03113 | 0.146 | 0.131 | 0.01 
[0.010 | 0.080 | 0.070 | 0.03406 | 0.150 | 0.189 | -0.04 
[0.015 | 0.030 | 0.015 | 0.02166 | 0.103 | 0.077 | 0.03 
{70.015 | 0.040 | 0.025 | 0.02554 | 0.116 | 0.097 | 0.02 
"0.015 | 0.050 | 0.035 | 0.02917 | 0.126 | 0.095 | 0.03 
9.018 {0.060 {0.045 {0.0aze2 {0.123 {0.122 [0.01 
0.015 | 0.070 | 0.055 | 0.03596 | 0.139 | 0.119 | 0.02 
[0.020 | 0.030 | 0.010 | 0.02467 | 0.089 | 0.043 | 0.05 
[0.020 | 0.040 | 0.020 | 0.02889 | 0.107 | 0.071 | 0.04 
[0.020 | 0.050 | 0.030 | 0.03282 | 0.118 | 0.078 | 0.04 
[0.020 | 0.060 | 0.040 | 0.03655 | 0.126 | 0.081. | 0.03 
[0.020 | 0.070 | 0.050 | 0.04012 | 0.133. | 0.100 | 0.03 
[0.020 | 0.080 | 0.060 | 0.04359 | 0.138 | 0.177_| -0.04 
[0.020 | 0.090 | 0.070 | 0.04696 | 0.143. | 0.132 | 0.01 
[0.020 | 0.100 | 0.080 | 0.05025 | 0.147. | 0.151 | 0.00 | 
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